illlHIIlllllIlllillllll 

(ID EP 0 684 022 B1 

(12) EUROPEAN PATENT SPECIFICATION 

(45) Date of publication and mention (51) | n t CL 7 : A61 F 2/06 

of the grant of the patent: 
18.02.2004 Bulletin 2004/08 

(21) Application number: 95302352.0 

(22) Date of filing: 10.04.1995 



r * 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(54) Bifurcated multicapsule intraluminal grafting system 

Intraluminal verzweigtes Mehrkapseltransplantationssystem 
Systeme a greffe intravasculaire multicapsulaire avec bifurcation 



(84) Designated Contracting States: 

AT BE CH DE FR GB IT LI LU NL SE 

(30) Priority: 12.05.1994 US 241476 

(43) Date of publication of application: 
29.11.1995 Bulletin 1995/48 

(73) Proprietor: ENDOVASCULAR TECHNOLOGIES, 
INC. 

Menlo Park, California 94025-1436 (US) 

(72) Inventors: 

• Quiachon, Dinah B. 
San Jose, CA 95133 (US) 

• Piplani, Alec A. 

Mountain View, CA 94040 (US) 



CO 

CM 
CM 
O 

s 

CO 



CL 
LU 



• Williams, Richard S. 

115, Sunnyvale, CA 94087 (US) 

• Baker, Steve G. 
Sunnyvale, CA 94086 (US) 

• Johansson, Peter K. 
San Jose, CA 95129 (US) 

(74) Representative: 

McLeish, Nicholas Alistair Maxwell et al 
Boult Wade Tennant 
Verulam Gardens 
70 Gray's Inn Road 
London WC1X 8BT (GB) 



(56) 



References cited: 
EP-A- 0 461 791 
US-A-4 617 932 



US-A- 3 657 744 
US-A- 4 994 071 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 684 022 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a prosthesis and, 5 
more particularly, to a bifurcated graft having attach- 
ment systems as specified in the preamble of claim 1 . 
Such a prosthesis is e.g. known from EP-A-0 461 791 
or US-A-3 657 744. 

[0002] It is well established that various fluid conduct- 
ing body or corporeal lumens, such as veins and arter- 
ies, may deteriorate or suffer trauma so that repair is 
necessary. For example, various types of aneurysms or 
other deteriorative diseases may affect the ability of the 
lumen to conduct fluids and in turn may be life-threaten- 
ing. In some cases, the damaged lumen is repairable 
only with the use of prosthesis such as an artificial ves- 
sel or graft. 

[0003] For repair of vital vessels such as the aorta, 
surgical repair is significantly life-threatening. Surgical 
techniques known in the art involve major surgery in 
which a graft resembling the natural vessel is spliced 
into the diseased or obstructed section of the natural 
vessel. Known procedures include surgically bypassing 
the damaged or diseased portion of the vessel and in- 
serting an artificial or donor graft attached to the native 
vessel by an anastomosis. 

[0004] It is known within the art to provide a prosthesis 
for intraluminal repair of a vessel, such as an abdominal 
aorta having an aneurysm. The art has taught to provide 
a prosthesis positioned in a vessel then securing the 
prosthesis within the vessel with hooks or staples that 
are mechanically extended by the user. The early prior 
art devices were large in diameter, mechanically com- 
plex and in turn were susceptible to mechanical failure. 
Prior intraluminal grafting systems have embodied cap- 
sule catheters or balloon catheters, but were relatively 
stiff and of a relatively high profile. Similarly, the prior art 
systems were configured in such a way that the graft 
was relatively difficult to deploy in the correct position. 
In addition, prior systems having a capsule catheter as- 
sembly were usually configured such that the prosthesis 
was disposed within a unitary capsule. 
[0005] In recent years, several devices have been de- 
veloped to attempt to treat an aortic aneurysm through 
intraluminal repair. For example, U. S. Pat. No. 
4,140,126 (Feb. 20, 1979), Choudhury, discloses a 
method and article for performing an aneurysm repair, 
wherein a prosthetic graft is utilized to replace the dam- 
aged segment of the blood vessel. A plurality of radially 
spaced anchoring pins are located adjacent each end 
of the graft and provide means for securing the graft to 
the wall of the vessel. An assembly is provided for mov- 
ing the graft within the vessel and permanently anchor- 
ing the graft to the wall of the vessel. 
[0006] U.S. Pat. No. 4,562,596 (Jan. 7, 1986), Korn- 
berg, discloses a bifurcated aortic graft constructed for 
intraluminal insertion having a plurality of struts having 



angled hooks with barbs at their superior ends. An as- 
sembly for inserting the graft and implanting the hooks 
into the vessel lumen is also disclosed. 
[0007] U.S. Pat. No. 4,787,899 (Nov. 29, 1988), La- 
zarus, discloses an intraluminal grafting system includ- 
ing a hollow graft having an attachment means located 
at one end of the graft. The system includes positioning 
means for moving the graft within the vessel, the posi- 
tioning means having a capsule positioned at one end 
for covering the graft attachment means. The disclosed 
positioning means further includes an inflatable member 
for securing the attachment means within the lumen. 
[0008] EPO Pub. No. 0 461 791 A1 (Dec. 18, 1991), 
Barone et al. discloses an aortic graft and apparatus for 
repairing an aneurysm. The disclosed system includes 
a tube graft secured within the aorta and an attachment 
means at each end of the graft. Intraluminal delivery is 
accomplished using a catheter having a balloon for ex- 
panding and securing the attachment means. The graft 
and attachment means are preferably enclosed by a 
sheath which covers the entire graft and attachment 
means. 

[0009] U.S. Patent No. 5,104,399 (Apr. 14, 1992), La- 
zarus, discloses an intraluminal grafting system includ- 
ing a tubular graft having attachment means positioned 
at both ends. The system includes a positioning means 
for transporting the graft through a vessel lumen and for 
deploying the graft within the lumen. The positioning 
means includes an inflatable member, a capsule and 
means for removing the graft from the capsule. The cap- 
sule is disclosed as a rigid cylindrical member covering 
the entire graft. 

[0010] EPO Pub. No. 0 508 473 A2 (Oct. 14, 1992), 
Piptani et al., discloses an intraluminal grafting system 
including a catheter having a capsule formed of a helical 
wrap of metal ribbon. A bifurcated graft having attach- 
ment means is removably disposed within the capsule. 
Means is provided for moving the graft from the capsule, 
and an inflatable member is provided for securing the 
attachment means within a vessel lumen. 
[0011] U.S. Patent No. 5,256,150 (Oct. 26, 1993), 
Quiachon et al., discloses a large diameter sheath for 
use in introducing a catheter in the body of a patient. 
The sheath includes an flexible elongate sheath tube 
and a backflow adapter having a hemostatic valve se- 
cured to the proximal extremity of the sheath tube. The 
sheath may be used for introducing a large-diameter de- 
ployment catheter into a femoral artery of the patient. 
[0012] U.S. Patent No. 5,275,622 (Jan. 4, 1994), La- 
zarus et al., discloses an intraluminal grafting system 
including a catheter having a capsule formed of a helical 
wrap of metal ribbon. A tubular graft having attachment 
means at both ends is removably disposed within the 
capsule. Means is provided for moving the graft from the 
capsule, and an inflatable member is provided for se- 
curing the attachment means within a vessel lumen. 
[0013] To provide consistency with the common us- 
age of terms used in the medical surgical arts in the Unit- 
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ed States, the terms "proximal, distal, inferior and supe- 
rior" are used with a certain regularity within the present 
specification. Proximal refers to parts of the system, 
such as catheters, capsules and wires, which are clos- 
est to the user and closest to the portion of the system 5 
outside or exterior of the patient. Distal refers to the point 
farthest from the user and typically most interior to the 
corporeal lumen. The term superior refers to a location 
situated above and is used herein in description of the 
graft and attachment system. Inferior refers to the point 
situated below and again is used herein with the graft 
and attachment system. Thus, for applications in the ab- 
dominal aorta which use a femoral approach, the supe- 
rior end of the graft resides within the most distal portion 
of the delivery catheter. Likewise, the inferior end of the 
graft resides within the proximal capsule which is on the 
most distal portion of the capsule catheter. 
[0014] The term "ipsilateral" typically refers to a ves- 
sel or part of a device which resides on the same side 
in which a device enters a lumen. For example, the ip- 
silateral tubular leg of a graft would be the tubular leg 
which resides in the iliac artery in which the capsule 
catheter enters the aorta. Similarly, the term "contralat- 
eral" refers to a vessel or device residing on the opposite 
side of which the main device enters the aorta. For ex- 
ample, the contralateral attachment system resides in 
the contralateral iliac artery which is on the opposite side 
of the aorta from which the capsule catheter enters the 
aorta. 

SUMMARY OF THE INVENTION 

[001 5] According to the present invention there is pro- 
vided an intraluminal graft for permanent implantation 
in a patient's vasculature for repairing the vasculature 
proximate to a bifurcation in the vasculature, the intra- 
luminal graft being intraluminally deployed into the vas- 
culature using a catheter, the intraluminal graft compris- 
ing: a main tubular body having a superior end and con- 
figured to reside proximate a bifurcation in a vasculature 
of a patient, the bifurcation forming a first vessel and a 
second vessel; a first tubular member having an inferior 
end and joined to and in fluid communication with said 
main tubular body, said first tubular member configured 
to extend into the first vessel; a second tubular member 
having an inferior end and joined to and in fluid commu- 
nication with said main tubular body, said second tubular 
member configured to extend distally into the second 
vessel; a first attachment system secured to the superior 
end of said main tubular body; a second attachment sys- 
tem secured to the inferior end of said first tubular mem- 
ber; and a third attachment system secured to the infe- 
rior end of said second tubular member characterised 
in that a fourth attachment system is placed medial the 
ends of the first and/or second tubular members. 
[0016] There is also described an intraluminal deliv- 
ery system for introducing the graft into a corporeal lu- 
men and positioning the graft in the area of the aortic 



bifurcation. The delivery system includes a balloon cath- 
eter, a capsule catheter and a capsule jacket. 
[0017] Certain arrangements of the delivery system 
utilize a catheter assembly having a multiplicity of cap- 
sules. 

[001 8] Each attachment system is contained within its 
own compact capsule during deployment. The graft and 
capsules are deployed by a catheter assembly designed 
for traversing the femoral, iliac and aortic vessels of a 
human anatomy. 

[0019] The described system has several advantages 
over prior art systems. For example, the over the wire 
configuration of the balloon catheter enables traversing 
the aneurysm with a guide wire. Using a guide wire in 
this manner minimizes the risk of dislodging thrombus 
in the aneurysm, since the delivery system follows the 
guide wire, thereby preventing the distal tip from perfo- 
rating the vessel wall. In addition, using a guide wire al- 
lows for traversing more difficult anatomy. Also, the 
guide wire lumen may function as a through lumen for 
real time angiograms during the emplacement proce- 
dure or to insert intravascular probes such as intravas- 
cular ultrasound systems. 

[0020] As another advantage, the smaller diameter of 
the capsule assemblies permit use of the system in a 
larger patient population because the variances in iliac 
vessel diameter. Similarly, the smaller device diameter 
relative to the iliac diameter may allow for easier navi- 
gation inside the corporeal lumen especially with more 
difficult anatomy. Likewise, the two capsule segments 
permit a wider range of graft lengths than available with 
a single capsule design. The single capsule systems al- 
so require capsules slightly longer than the graft, which 
imposes certain manufacturing and deployment prob- 
lems. Moreover, the shorter capsule segments provide 
a more flexible device, thereby allowing traversing more 
difficult anatomy. 

[0021] In one arrangement, the balloon catheter and 
the capsule catheter include capsule assemblies for re- 
taining the attachment systems, including a distal cap- 
sule assembly for retaining the superior attachment sys- 
tem and a proximal capsule assembly for retaining the 
ipsilateral attachment system. Also included within the 
delivery system is a contralateral capsule assembly for 
retaining the contralateral attachment system. The cap- 
sule assemblies are movable relative to each other to 
allow the graft to be emplaced at the desired location in 
the corporeal lumen. 

[0022] The delivery system may include a balloon 
catheter having a multilumen hollow tube or shaft having 
a proximal end provided with an assembly for accepting 
a guide wire and with an assembly for inflating a balloon 
or similar inflatable member. The balloon catheter shaft 
is of sufficient length that the proximal end remains ex- 
terior the corporeal lumen while the distal end of the bal- 
loon catheter shaft may be positioned proximate the por- 
tion of the corporeal lumen to be repaired. The balloon 
catheter further has an assembly for inflating and deflat- 
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ing the balloon. In addition, the balloon catheter is cou- 
pled to a control assembly and a distal capsule for re- 
taining and releasing the superior end of the graft. In 
one arrangement, the control assembly includes a con- 
trol wire and handle mechanism which provides move- 5 
ment of the distal capsule relative to the balloon catheter 
shaft. 

[0023] The delivery system also includes a capsule 
catheter shaped and sized for positioning within the cor- 
poreal lumen. The capsule catheter comprises a hollow 
tube or shaft slidably mounted on the balloon catheter 
shaft, having a proximal end exterior the corporeal lu- 
men for manipulation by the user. The capsule catheter 
includes a proximal (ipsilateral) capsule secured to the 
distal end of the capsule catheter shaft for retaining the 
ipsilateral attachment system. The delivery system is 
configured to provide relative movement between the 
proximal capsule of the capsule catheter and the distal 
capsule of the balloon catheter for removing the graft 
from the capsule assemblies and for subsequently urg- 
ing the attachment systems into engagement with the 
wall of the corporeal lumen. 

[0024] The placement assembly further includes a 
capsule jacket for providing a smooth transition between 
the parts of the balloon catheter and capsule catheter. 
The capsule jacket comprises a singled walled jacket or 
sheath covering the length of the prosthesis and a dou- 
ble walled section over the capsule catheter tubular 
member. The capsule jacket is configured coaxially with 
the balloon catheter and capsule catheter, having a 
proximal end exterior the corporeal lumen for manipu- 
lation by the user. The distal end of the capsule jacket 
is single walled and flares outwardly to a size which is 
slidably retained over the distal capsule when the place- 
ment assembly in deployed into the corporeal lumen. 
The capsule jacket distal tip has a radiopaque marker 
to facilitate positioning using fluoroscopy or x-ray tech- 
niques. 

[0025] The described system includes a bifurcated 
prosthesis or bifurcated graft for intraluminal placement 
in a fluid conducting corporeal lumen. For most applica- 
tions the prosthesis is a hollow bifurcated graft of prese- 
lected cross-section and length. The bifurcated graft is 
deformable to conform substantially to the interior sur- 
face of the corporeal lumen or other body part to be re- 
paired. The bifurcated graft may be made of a material 
suitable for permanent placement in the body such as 
polytetrafluroethylene or a polyester. The tubular legs 
and/or the main tubular member of the graft may be 
crimped to resist kinking during and after deployment. 
During emplacement, the superior and inferior ends of 
the bifurcated graft are positioned within the corporeal 
lumen and the graft is configured such that the graft 
traverses the diseased or damaged portion of the ves- 
sel. To anchor the graft to the wall of the corporeal lu- 
men, attachment systems are secured to the superior 
and inferior ends of the graft. 

[0026] The attachment systems for the ipsilateral and 



contralateral legs of the bifurcated graft are somewhat 
smaller than the attachment system used for the main 
tubular member. The attachment systems for the legs 
are sized for emplacement within the iliac arteries. Dur- 
ing deployment, the ipsilateral leg attachment system 
resides within the proximal capsule and the contralateral 
leg attachment system resides within the contralateral 
capsule. The smaller profile of the leg attachment sys- 
tems allow them to fit within the smaller capsules which 
are configured to fit together within the capsule jacket. 
Having the leg attachment system within each capsule 
allows the attachment systems to be secured to the tu- 
bular legs prior to deployment. In addition, the encap- 
sulation prevents entanglement of the attachment sys- 
tems. 

[0027] The preferred attachment system has wall en- 
gaging members. The wall engaging members of the su- 
perior attachment system are angled toward the inferior 
end of the graft. Similarly, the wall engaging members 
of the inferior attachment system are angled slightly to- 
ward the superior end of the graft. The wall engaging 
members of both attachment systems have sharp tips 
for engaging the corporeal lumen wall. The preferred at- 
tachment systems are formed into a V-shaped lattice or 
framework. The frame of each attachment system al- 
lows for elastic radial deformation resulting in a spring- 
like effect when a compressed attachment system is al- 
lowed to expand as the graft is released from the cap- 
sule assembly. In addition, radiopaque markers are se- 
cured to the longitudinal axis of the graft to facilitate ori- 
entation of the graft using fluoroscopy or x-ray tech- 
niques. 

[0028] The delivery system further includes a contral- 
ateral capsule system for retaining the contralateral leg 
of the bifurcated graft. The contralateral capsule system 
comprises a retaining capsule, guiding tube and a pull 
wire. A segment of the contralateral capsule guiding 
tube is configured to reside in the capsule jacket, and 
the remainder of the guiding tube and puil wire extend 
out of the distal end of the capsule jacket assembly. In 
addition, a radiopaque marker coil on the guiding tube 
coincides with the distal capsule of the balloon catheter 
assembly to facilitate orientation, i.e. relative twist, be- 
tween the contralateral capsule assembly and the ipsi- 
lateral capsule assembly. 

[0029] During deployment, the contralateral capsule 
resides within the capsule jacket and adjacent to the 
proximal capsule assembly. The contralateral capsule 
guiding tube is traversed through the contralateral iliac 
artery in a conventional manner such that the contralat- 
eral leg of the bifurcated graft can be secured within the 
contralateral iliac artery. The contralateral capsule is 
configured to retain the inferior attachment system se- 
cured to the contralateral tubular leg. Similarly, the con- 
tralateral guiding tube and capsule are conf igured such 
that the attachment system will remain within the cap- 
sule until such time when the clinician wishes to remove 
the capsule and free the attachment system within the 
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contralateral iliac artery. The contralateral pull wire is 
disposed within the capsule jacket and along the distal 
capsule assembly and extends out the distal end of the 
capsule jacket. 

[0030] The medial attachment systems are deployed 5 
using an auxiliary capsule catheter traversed over the 
main guide wire and the contralateral pull wire or anoth- 
er guide wire inserted in the contralateral tubular leg af- 
ter the contralateral attachment system is firmly seated. 
[0031] Deployment of the graft comprises a series of 10 
steps which begins with introducing the main guide wire 
into the ipsilateral side of the corporeal lumen using well 
known surgical techniques. The contralateral guide wire 
and guiding tube are then inserted into the ipsilateral 
cutdown and are traversed through the contralateral cut- 15 
down using standard transfemoral techniques. Those 
techniques include use of a snare or guiding catheter 
traversed through the contralateral cutdown to assist in 
transferring the contralateral guide wire from the ipsilat- 
eral side of the corporeal lumen to the contralateral side. 20 
Next, as a single deployment catheter assembly, the 
balloon catheter, capsule catheter and capsule jacket 
are manipulated over the guide wire to position the cap- 
sules containing the bifurcated graft and attachment 
systems to a desired location within the corporeal lu- 25 
men. 

[0032] Once the graft is in the desired location, the 
capsule jacket is withdrawn to expose the entire graft 
and capsules containing the attachment systems. As 
the capsule jacket is retracted, tension is applied on the 30 
contralateral capsule assembly from the contralateral 
side of the corporeal lumen, thereby pulling the guiding 
tube out of the capsule jacket and into the contralateral 
lumen. The attachment systems are then simultaneous- 
ly positioned at the desired locations. The distal capsule 35 
is then moved relative to the balloon catheter shaft and 
capsule catheter to expose the superior attachment sys- 
tem. 

[0033] After the superior portion of the graft is re- 
moved from the distal capsule assembly, the inflatable *o 
member is moved to within the circumference of the su- 
perior attachment system and inflated to urge wall en- 
gaging members into the wall of the corporeal lumen. 
The contralateral capsule assembly is then withdrawn 
to expose the inferior attachment system of the contral- 45 
ateral tubular leg. An auxiliary balloon catheter is then 
positioned in the contralateral tubular leg to firmly se- 
cure the contralateral attachment system. 
[0034] Once the contralateral tubular leg is secured, 
the proximal capsule assembly is withdrawn from the 50 
ipsilateral tubular leg, exposing the attachment system 
secured thereto. The deployment catheter is then 
moved to position the inflatable member proximate the 
ipsilateral inferior attachment system. The inflatable 
member is then expanded to seat the wall engaging 55 
members of the inferior attachment system. The deploy- 
ment catheter is then removed from the corporeal lu- 
men. An auxiliary balloon catheter is then positioned in 



the ipsilateral tubular leg to firmly secure the ipsilateral 
attachment system. All catheters and guide wires are 
then removed and the access to the corporeal lumens 
closed. 

[0035] Other features and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The following figures do not represent embod- 
iments falling under the scope of claim 1 of this invention 
but are useful to illustrate relevant basic concepts, 

FIGURE 1 is a top plan view of an intraluminal graft- 
ing apparatus and system. 
FIG. 2 is a top plan view of a guide wire to be used 
with the endovascular grafting system of Figure 1 . 
FIG. 3 is a top plan view of the balloon catheter and 
ipsilateral locking wire of the system of Figure 1 . 
FIG. 4 is a top plan view of the distal cap, control 
wire, hypotube and control wire handle assembly of 
the system of Figure 1 . 

FIG. 5 is a top plan view of the proximal capsule and 
capsule catheter assembly of the system of Figure 
1. 

FIG. 6 is a top plan view of the capsule jacket as- 
sembly of the system of Figure 1 . 
FIG. 7 is a top plan view of a bifurcated graft and 
contralateral capsule assembly of the system of 
Figure 1. 

FIG. 8 is a partial cross-sectional view of the distal 
end of the balloon catheter, capsule catheter and 
capsule jacket assemblies taken along the line 8-8 
of FIG. 1. 

FIG. 9 is an enlarged perspective view showing an 
embodiment of the distal capsule, distal end of the 
control wire and distal cap insert. 
FIG. 10 is an enlarged cross-sectional view of the 
distal capsule assembly of the balloon catheter. 
FIG. 11 is a cross-sectional view taken along the 
line 11-11 of FIG. 10. 

FIG. 12 is a partial cross-sectional view of the con- 
trol wire and control handle mechanism taken along 
the line 12-12 of FIG. 1. 

FIG. partial is a cross-sectional view taken along the 
line 13-13 of FIG, 12. 

FIG. 14 is a cross-sectional view taken along the 
line 14-14 of FIG. 12. 

FIG. 15 is a cross-sectional view taken along the 
line 15-15 of FIG. 12. 

FIG. 16 is a cross-sectional view taken along the 
line 16-16 of FIG. 12. 

FIG. 17 is an enlarged perspective view of a bifur- 
cated graft and attachment system. 
FIG. 18 is an top plan view showing a superior at- 
tachment system as sewn into the main tubular 
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member of the graft. 

FIG. 19 is an top plan view showing a inferior at- 
tachment system as sewn into a tubular leg of the 
graft. 

FIG. 20 is an enlarged side plan view showing a su- 5 
perior attachment system. 
FIG. 21 is an enlarged side plan view showing an 
attachment system having a supplemental helix tor- 
sion spring at the apices. 

FIG. 22 is a top plan view showing a piece of yarn 10 
sewn into the main tubular member of a graft adja- 
cent to the vee of an attachment system. 
FIG. 23 is a side plan view of FIG 22. showing a 
piece of yarn sewn into the main tubular member of 
a graft adjacent to the vee of an attachment system. t5 
FIG. 24 is a top plan view of a torque catheter dis- 
posed over the guiding tube of the contralateral cap- 
sule assembly of the system of Figure 1. 
FIG. 25 is a cross-sectional view taken along the 
line 25-25 of FIG. 1. 20 
FIG. 26 is a cross-sectional view taken along the 
line 26-26 of FIG. 1. 

FIG. 27 is a partial cross-sectional view of the con- 
tralateral tubular leg and attachment system posi- 
tioned in the contralateral capsule assembly. 25 
FIG. 28 is a cross-sectional view taken along the 
line 28-28 of FIG. 8. 

FIG. 29 is a partial cross-sectional view of the intra- 
luminal grafting system shown positioned within the 
corporeal lumen. 30 
FIG. 30 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the capsule jacket 
has been withdrawn from the graft. 
FIG. 31 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the contralateral 35 
tubular leg and contralateral capsule assembly 
have been pulled into the contralateral iliac artery. 
FIG. 32 is a partial cross-section view of the intra- 
luminal grafting system, wherein the distal capsule 
has been removed fron the superior end of the main *o 
tubular member and the inflatable member has 
been expanded to seat the superior attachment 
system. 

FIG. 33 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the contralateral 45 
capsule has been removed from the inferior end of 
the contralateral tubular leg and an auxiliary balloon 
catheter has been positioned and inflated to seat 
the inferior attachment system. 
FIG. 34 is a partial cross-sectional view of the intra- 50 
luminal grafting system, wherein the proximal cap- 
sule has been removed from the inferior end of the 
ipsilateral tubular leg, releasing the ipsilateral infe- 
rior attachment system into the ipsilateral iliac ar- 
tery. 55 
FIG. 35 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the inflatable 
member of the balloon catheter has been moved 



and inflated proximate the inferior attachment sys- 
tem of the ipsilateral tubular leg. 
FIG. 36 is a partial cross-sectional view of the intra- 
luminal grafting system, wherein the balloon cathe- 
ter, capsule catheter and capsule jacket have been 
placed in a position for withdrawal from the corpo- 
real lumen. 

FIG. 37 is an top plan view of a bifurcated graft hav- 
ing crimped tubular legs. 

FIG. 38 is a contralateral side view of the bifurcated 
graft of FIG. 37. 

FIG. 39 is an ipsilateral side view of the bifurcated 
graft of FIG. 37. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] As shown in the drawings and for purposes of 
illustration, the intraluminal grafting system comprises 
a balloon catheter, a capsule catheter, and a protective 
sleeve or capsule jacket. One of the features of the il- 
lustrated system is the use of a proximal capsule, a dis- 
tal capsule and a contralateral capsule to cover the in- 
ferior and superior ends of a bifurcated graft to be im- 
planted in a corporal lumen having a bifurcation. This 
feature provides the capability of deploying the inferior 
end of the graft before the superior end or visa versa. 
Another feature of the grafting system is the use of a 
sleeve or capsule jacket to create a smooth transition 
between the proximal capsule, contralateral capsule, 
distal capsule and bifurcated graft. The uniqueness of 
the system is accentuated by the control wire and asso- 
ciated handle which provide relative movement be- 
tween the distal capsule and the balloon catheter. Pro- 
viding a contralateral capsule assembly enables includ- 
ing an attachment system in the contralateral tubular leg 
while avoiding tangling of the tubular legs during deploy- 
ment. 

[0038] In the illustrated system, the graft is comprised 
of a bifurcated tubular prosthesis having superior and 
inferior extremities. The superior extremity of the graft 
comprises a main tubular member which bifurcates into 
two tubular legs which comprise the inferior extremity of 
the graft. For clarity, the two tubular legs are referred to 
herein as the ipsilateral tubular leg and the contralateral 
tubular leg. An attachment system is secured to the su- 
perior end of the main tubular member, other attachment 
systems are secured to the inferior ends of each of the 
tubular legs. Each attachment system is provided with 
lumen piercing members which are covered during de- 
ployment by the proximal, distal and contralateral cap- 
sule assemblies. Another attachment system is placed 
medial the ends of the ipsilateral and/or contralateral tu- 
bular legs. The medial attachment systems resemble 
the inferior attachment systems used to secure the ip- 
silateral and contralateral tubular legs but the medial at- 
tachment systems are preferably configured without 
wall engaging members. 
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[0039] The balloon catheter, capsule catheter and 
capsule jacket are configured coaxially so that relative 
movement between them provides for deployment of 
the graft. The inflatable member of the balloon catheter 
is used to firmly implant the attachment systems, and 5 
thereby the graft, in the lumen. 
[0040] In more detail, the intraluminal grafting system 
50 is shown in FIGS. 1-7. As shown in FIG. 1 , the system 
includes a balloon catheter assembly 51 , which is coax- 
ially disposed within capsule catheter assembly 52, 
which is coaxially disposed within capsule jacket as- 
sembly 53. The proximal capsule assembly 130, con- 
tralateral capsule assembly 200 and distal capsule as- 
sembly 90 are used to contain the bifurcated graft 55. A 
control wire assembly 54 is coaxially disposed within a 
lumen of the balloon catheter assembly and configured 
to move the distal capsule assembly in relation to the 
other system components. In one arrangement, the sys- 
tem is used as an over-the-wire device, such that the 
balloon catheter is further configured with a lumen for a 
guide wire 56. It is contemplated, however, that the sys- 
tem can also be used with well known fixed wire delivery 
system configurations. 

[0041] As shown in FIGS. 1 and 3, the intraluminal 
grafting system 50 also includes a balloon catheter as- 
sembly 51 which consists of an inflatable member or bal- 
loon 60 secured to a flexible elongate element or balloon 
catheter shaft 61 . As shown in FIG. 25, the balloon cath- 
eter shaft may be configured with three lumens; howev- 
er, the balloon catheter may be configured with a single, 
dual or similar multilumen shaft. A guide wire lumen 63 
extends the length of the balloon catheter shaft. Simi- 
larly, a balloon inflation lumen 64 extends from the prox- 
imal end 70 of the balloon catheter to the inflatable mem- 
ber 60, wherein an inflation port 83, FIG. 8, is provided 
to allow inflation fluid to enter and exit the inflatable 
member. The third lumen 65 is provided for a control 
wire 91. 

[0042] The flexible elongate element or balloon cath- 
eter shaft 61 may be formed of a material suitable for 
intraluminal use, such as irradiated polyethylene tubing. 
The three lumen balloon catheter shaft may be extruded 
to an outside diameter of 2.03 mm (0.08 inches). The 
guide wire lumen 63 has an inner diameter of 1.07 mm 
(0.042 inches). The inflation lumen 64 and the control 
wire lumen 65 have identical inner diameters of 0.56 mm 
(0.022 inches). However, the lumen inside diameter 
may range from 0.381-1.52 mm (0.015 to 0.06 inches) 
and the outside diameter may range from 0.889-2.54 
mm (0.035 to 0.1 inches) for a multilumen balloon cath- 
eter shaft. The balloon catheter may vary in length to 
suit the application, for example, from fifty to one hun- 
dred-fifty centimeters. 

[0043] Referring to FIG. 1, the proximal extremity 70 
of the balloon catheter shaft 61 is secured to a splitting 
adapter 71 which splits the guide wire lumen 63 from 
inflation lumen 64. The side arm 72 of the adapter 71 
has a stop cock 73 mounted at its proximal end which 



is movable between open and closed positions. The 
stop cock is provided with a Luer fitting 74 which is 
adapted to be secured to a syringe for injecting inflation 
fluid. The side arm 75 of the splitting adapter 71 is con- 
nected to female Luer fitting 77 for distal tip injection and 
to a Touhy Borst adapter 76 which is configured to re- 
movably and slidably receive the guide wire 56. A strain 
relief wire 78 is disposed in the control wire lumen 65 
between the splitting adapter and the control handle as- 
sembly 110. 

[0044] The inflatable member or balloon 60 may be 
secured twelve centimeters from the distal extremity 80 
of the balloon catheter shaft 61. The balloon is posi- 
tioned proximal of the distal capsule assembly 90 and 
the superior end of the graft 55. For shorter grafts of four 
to seven centimeters in length, the inflatable member 
may be positioned distal of the distal capsule assembly. 
The balloon is formed of suitable material such as pol- 
yethylene. The polyethylene utilized for the balloon is 
irradiated to achieve an appropriate balloon size. For 
larger diameter balloons, higher tensile strength mate- 
rials like polyethyleneterephthalate (PET) is desirable 
because thinner walls, hence a lower profile, can be 
achieved. 

[0045] The balloon can vary in diameter from twelve 
to forty-five millimeters in diameter and can have a wall 
thickness ranging from 0.0254-0.127 mm (0.001 to 
0.005 inches). The balloon may have an outside diam- 
eter of twenty-four millimeters, a diameter equal to the 
inner diameter of the graft, and has a wall thickness of 
approximately 0.076 mm (0.003 inches). In addition, the 
balloon is pleated along its axis for a low profile which 
facilitates its introduction into a corporeal lumen of a pa- 
tient as hereinafter described. Further, the deflated bal- 
loon is heated to provide it with a memory of its low pro- 
file configuration. 

[0046] The balloon catheter shaft 61 is provided with 
an inflation lumen 64 which is in fluid communication 
with the inflation port 74. The inflation lumen is used to 
inflate and deflate the balloon 60 by introducing and 
withdrawing a gas or liquid through the inflation port. The 
balloon is secured approximately twelve centimeters 
from the distal extremity 80 of the balloon catheter shaft. 
The balloon proximal stem 81 and balloon distal stem 
82 are heat sealed to the balloon catheter shaft to form 
a fluid tight seal. The length of the proximal stem may 
vary from 0.5 to 1.0 centimeter. 
[0047] The balloon catheter shaft 61 has an inflation 
port 83 located approximately ten millimeters distal the 
balloon proximal stem 81. In addition, a radiopaque 
marker 84 is embedded in the balloon catheter shaft ap- 
proximately two millimeters distal the balloon inflation 
port. Preferably, the radiopaque marker is a platinum or 
tungsten coil one centimeter long with an outer diameter 
of 0.508 mm (0.02 inches) and is located proximate the 
center of the balloon 60. Also, a strain relief or support 
wire 97 is disposed in the inflation lumen 64 between 
the distal end 80 of the balloon catheter shaft and the 
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balloon distal stem 82. 

[0048] It should be appreciated that although a sepa- 
rate inflatable member has been described in the draw- 
ing, an integral coaxial inflatable member may be pro- 
vided which is formed of the same tubing from which the 5 
balloon catheter shaft is made. This can be readily ac- 
complished, as is well known to those skilled in the art, 
by using an additional radiation dose for the balloon re- 
gion of the shaft. 

[0049] As shown in FIGS. 1, 3 and 8, the ipsilateral 
locking wire 85 runs parallel to the balloon catheter 61 
within the capsule catheter assembly 52. The distal end 
of the ipsilateral locking wire may be configured with a 
proximal locking ring 86 and a distal locking ring 87 se- 
cured approximately twelve millimeters apart. The radi- 
opaque locking rings are disposed within the distal end 
of the capsule catheter assembly during deployment 
and secure the ipsilateral attachment system of the bi- 
furcated graft 55 within the distal end of the capsule 
catheter assembly. In one arrangement, however, only 
the distal locking ring is used. 

[0050] The proximal end of the ipsilateral locking wire 
85 is disposed in the proximal end of the capsule cath- 
eter assembly 52. The proximal extremity of the locking 
wire is configured with a segment of stainless steel hy- 
potube approximately sixty millimeters long to form a 
handle 88. The ipsilateral locking wire handle is used to 
laterally move the radiopaque proximal and distal lock- 
ing rings 86 and 87 which engage the ipsilateral attach- 
ment system of the ipsilateral tubular leg of the bifurcat- 
ed graft 55. Movement of the handle in relation to the 
capsule catheter assembly permits removal of the ipsi- 
lateral attachment system from the capsule catheter as- 
sembly. 

[0051] The balloon 60 can also be observed under x- 
rays if carbon dioxide is used as the inflation medium, 
because the blood in the patient's vessel is more 
opaque than the gas used for inflating the balloon. In 
addition, increased visibility of the balloon can be ob- 
tained by inflating the balloon with a diluted radiopaque 
contrast solution. In addition, radiopaque bands of a 
suitable material such as platinum or a platinum-tung- 
sten alloy can be placed on the proximal and distal bal- 
loon stems 81 and 82 to aid in ascertaining the position 
of the balloon. Similarly, radiopaque rods may be insert- 
ed in the balloon inflation lumen. 
[0052] The intraluminal grafting apparatus also in- 
cludes a control wire assembly 54, which is shown in 
FIGS. 1 and 4. The distal end of the control wire assem- 
bly consists of a distal capsule assembly 90. As shown 
in more detail in FIGS. 9-1 1 , the distal capsule assembly 
comprises a control wire 91 disposed within a cylindrical 
distal cap 92 and distal cap insert 96 disposed within the 
distal cap. The distal cap insert is secured to the distal 
cap by means of an adhesive, solvent bonding, ultra- 
sonic welding or by heat shrinking. A hollow distal cap- 
sule 93 is secured to the distal cap and coaxially sur- 
rounds the control wire and balloon catheter shaft 61. 



[0053] The control wire 91 is slidably disposed in the 
control wire lumen 65. A longitudinal slot 94 is cut out of 
the balloon catheter shaft 61 to expose the control wire 
lumen and the control wire. To secure the control wire 
within the distal capsule assembly 90, the control wire 
is threaded through an opening 98 in the distal cap insert 
96. The control wire is formed in a U-shaped bend over 
the opening in the distal cap insert and is configured to 
slide within the slot and the control wire lumen of the 
balloon catheter shaft. The distal end 95 of the control 
wire resides in the portion of the control wire lumen be- 
yond the distal end of the slot. 
[0054] The configuration shown in FIGS. 9-11 allows 
the distal cap assembly to move axially along the bal- 
loon catheter shaft. The U-shaped bend of the control 
wire through the distal cap insert, however, prevents the 
distal cap assembly from rotating in relation to the bal- 
loon catheter shaft. As described above, the distal cap 
insert is firmly secured within the distal cap 92. To pre- 
vent rotation of the distal cap, a three centimeter length 
of the control wire extends distal of the distal cap and is 
slidably disposed in the control wire lumen 65 of the bal- 
loon catheter shaft 61 . 

[0055] As shown in FIG. 10, balloon catheter proximal 
cap 100 is secured to the balloon catheter shaft 61 at a 
position distal the balloon distal stem 82 and proximal 
the aperture 94. The proximal cap is secured to the bal- 
loon catheter shaft by adhesive and by means of two 
retaining bumps 101 and 102. These retaining bumps 
secure the proximal cap in place, limiting its movement. 
Such a configuration provides a rounded, atramatic 
transition from edge 103 of the distal capsule 93 resting 
on the top surface of the proximal cap when the distal 
capsule is its most distal position. 
[0056] As the control wire 91 is moved in a longitudinal 
manner, the distal end 95 of the control wire, the distal 
cap insert 96, the distal cap 92 and the distal capsule 
93 each move as a single assembly. The proximal edge 
103 of the distal capsule is rolled, curved or crimped in- 
ward, or deburred and smoothened so that the proximal 
cap will provide a smooth transition along the distal cap- 
sule assembly 90 when the distal capsule is advanced. 
The distal movement of the distal capsule is limited by 
a third retaining bump 99 positioned approximately 2.5 
centimeters distal the balloon distal stem 82. The third 
retaining bump limits the amount of distal movement of 
the distal capsule assembly so that when the assembly 
is fully advanced the proximal edge of the distal capsule 
coincides with the top surface of the proximal cap 100. 
[0057] Referring to FIG. 9, the distal cap 92 may be 
formed from polycarbonate or other suitable material for 
insertion through the body lumen. The distal cap is 
formed with a bore 104 of approximately the same di- 
ameter as the outer diameter of balloon catheter shaft 
61. Similarly, the distal cap insert 96 may be formed of 
the same material as the distal cap, wherein the distal 
cap insert is provided with a bore 105 for receiving the 
balloon catheter shaft. The distal cap is further provided 
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with a recess 1 06 or other means for receiving the distal 
end of the distal capsule 93. The distal capsule is pref- 
erably formed of stainless steel, but may be formed of 
other suitable biocompatible material, such as a nickel 
titanium. 5 
[0058] Each of the pieces of the distal capsule assem- 
bly 90 fit snugly in a coaxial configuration. The distal cap 
recess 106 is angled to allow crimping of the distal cap- 
sule 93 to the distal cap 92. In addition, the distal capsule 
is configured with a longitudinal semicircular recess 107 
in which the guiding tube 206 resides during deploy- 
ment. Similarly, the distal cap is configured with a cutout 
slot 108 and the distal cap insert 96 is configured with 
a longitudinal recess 109 to accept the recess in the dis- 
tal capsule. The distal cap cutout inhibits the relative ro- 
tation between the distal capsule proximal cap 100 and 
ultimately the balloon capsule shaft 61 . 
[0059] The proximal cap 100 is configured with two 
concentric alignment holes 140 in its walls. The align- 
ment holes may range from 1.5 to 2.5 millimeters (for 
example 2.5) in diameter and are formed 0.5 millimeters 
from the distal edge of the proximal cap. The alignment 
holes, which are not radiopaque, are used under fluor- 
oscopy during the deployment of the graft 55 to indicate 
the optimal orientation of the main tubular member 170 
as the superior attachment system 175 is released from 
the distal capsule assembly 90. 
[0060] The outside diameter of the distal cap 92 and 
capsule 93 may range from 4 to 9 millimeters and may 
thus be 7.16 mm (0.282 inches) in outer diameter and 
7.01 mm (0.276 inches) inner diameter. Similarly, the 
balloon catheter proximal cap 100 is comprised of stain- 
less steel and has an outside diameter slightly less that 
of the distal capsule so as to provide a smooth transition. 
The proximal end of the proximal cap may be rounded 
to minimize trauma in the vessel and to facilitate balloon 
retraction into the bifurcated graft 55 during the em- 
placement process. The distal capsule may range in 
length from one to five centimeters, and for example is 
3.5 centimeters long so as to adequately retain the su- 
perior extremity of the main tubular member of the graft. 
[0061] As shown in FIGS. 12-16, a handle assembly 
110 is secured to the proximal end of the control wire 
91. The handle assembly comprises a proximal body 
111, a distal body 112, a control knob 113 with rotating 
shaft 114 and a hypotube 115. The two handle body 
parts have a central bore 119 for receiving the balloon 
catheter shaft 61. A retaining pin 129 may be used to 
secure the two pieces of the handle body together. 
[0062] The hypotube 115 is coaxially disposed over 
the balloon catheter shaft 61 and extends distally from 
the central bore 119 in the distal handle body 112. The 
proximal end of the hypotube is secured to the balloon 
catheter shaft approximately one centimeter proximal 
from the distal end of the distal handle body by means 
of a polyethylene sealing tube 116 which is heat shrunk 
over the proximal end of the hypotube. An adhesive may 
be used to fix the distal handle body to the hypotube. 



[0063] Hypotube 115 consists of a rigid thin wall tube 
formed of a suitable material such as stainless steel. 
The hypotube has a length of about 55 centimeters and 
has an outside diameter of 2.41 mm (0.095 inches) and 
an inside diameter of 2.21 mm (0.087 inches). When a 
crimped graft 55 is used, the hypotube may have marker 
bands (not shown) at predetermined positions distal of 
the control handle body 112. A crimped graft is loaded 
into the capsule assemblies in its most stretched con- 
figuration. After the capsule jacket assembly 53 is re- 
tracted, then adjustments need to be made to the posi- 
tion of the hypotube relative to the capsule catheter as- 
sembly 52 for the graft to resume its crimped length un- 
der physiological pressure. The marker bands facilitate 
the correct positioning of the inferior end of the graft. 
[0064] Referring to FIG. 12, the control wire 91 re- 
sides in a balloon catheter lumen 65 and extends from 
the distal capsule assembly 90 to an aperture 1 1 7 locat- 
ed in the lumen just proximal of the proximal end of the 
hypotube 115. The control wire may consist of an elon- 
gate solid flexible stainless steel wire having a lubricat- 
ing coating, such as fluorinated ethylenepropylene 
(FEP). The coated control wire is about 0.508 mm (0.02 
inches) in diameter, providing sufficient strength to 
move the distal capsule assembly without buckling or 
kinking. 

[0065] The proximal end of the control wire 91 is dis- 
posed within a retaining rack 120, approximately six 
centimeters long and having a central bore to secure the 
control wire. The retaining racks's proximal end is slid- 
ably disposed within a longitudinal guiding slot 121 in 
the proximal handle 111. Similarly, the retaining rack's 
distal end is slidably disposed within an longitudinal slot 

122 in the distal handle body 112. 

[0066] The retaining rack 120 is configured with teeth 

123 along a longitudinal edge which engage a pinion or 
gear 124. The pinion is attached to a lower end of the 
rotating shaft 114. The upper end of the rotating shaft is 
secured within the control knob 113 such that rotation 
of the control knob rotates the gear and in turn moves 
the retaining rack longitudinally within the guiding slots. 
Longitudinal movement of the retaining rack causes lon- 
gitudinal movement of the proximal end of the control 
wire 91 , causing like longitudinal movement of the distal 
end 95 of the control wire and of the distal capsule 93. 
As shown in FIGS. 13 and 15, a locking screw 118 is 
configured to fix the retaining rack in place. The locking 
screw ensures that the control wire and distal capsule 
will not move even if torque is applied to the control 
knob. 

[0067] At the base of the control knob 1 1 3 is a locking 
gear 125 which has curved teeth. The curved teeth en- 
gage a locking pin 126 biased by a locking spring 127 
disposed within a recess 128 in the upper surface of the 
proximal body 111 of the control handle 110. The con- 
figuration of the curved teeth allows the control knob to 
turn in only one direction while the locking pin engages 
the locking gear. When the locking pin is moved to com- 
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press the locking spring, then the control knob may be 
turned in either direction. The locking gear may be mold- 
ed as part of a plastic control knob, but may be a sepa- 
rate mechanism secured to the base of the control knob. 
[0068] As shown in FIGS. 1 and 5, the capsule cath- 5 
eter assembly 52 consists of a proximal (ipsilateral) cap- 
sule catheter assembly 130 secured to the distal end of 
a flexible elongate tubular member 131 formed of a suit- 
able plastic material such as polyether block amide 
available under the trademark "PEBAX", available from 
Atochem Polymers, Glen Rock, N.J. The capsule cath- 
eter elongate tubular member is of a suitable length as, 
for example, forty to one hundred centimeters and in 
particular approximately seventy-five centimeters for 
the abdominal aorticiliac arteries and approximately 
ninety-five centimeters for the thoracic aortic artery. The 
elongate tubular member may have an outside diameter 
of 4.75 mm (0.187 inches) and an inside diameter of 
3. 1 75 mm (0. 1 25 inches). The elongate tubular member 
can be produced in a certain color such as blue. To 
render the elongate tubular member radiopaque under 
x-rays, its material of construction may contain a radio- 
paque material, such as twenty percent by weight of bis- 
muth subcarbonate or barium sulfate. The elongate tu- 
bular member may have markings or bands distal of the 
wye adapter 145 at predetermined positions to indicate 
capsule jacket retraction and locking points. 
[0069] The proximal catheter assembly 130 includes 
a proximal (ipsilateral) capsule 132 mounted on the dis- 
tal extremity of the capsule catheter elongate tubular 
member 131 . The elongate tubular member also serves 
as a shaft for advancing the proximal capsule, as here- 
inafter described. Thus, the elongate tubular member 
should have a diameter which is less than that of the 
proximal capsule, for example having an outside diam- 
eter ranging from three to seven millimeters. 
[0070] The proximal capsule 132 is configured to ap- 
proximately match the size of the distal capsule assem- 
bly 90. The proximal capsule is somewhat oval in shape, 
having opposite concave and convex outer surfaces, re- 
sembling a crescent moon (FIG. 28). The proximal cap- 
sule may have a diameter ranging from four to nine mil- 
limeters, which may be configured to accommodate dif- 
ferent size grafts. The proximal capsule may be made 
of stainless steel or similar impermeable and rigid, or 
semi-flexible material. 

[0071] Referring to FIG. 8, the proximal (ipsilateral) 
capsule 132 is secured to the distal extremity of the elon- 
gate tubular member 1 31 by means of a capsule adapter 
assembly 133. The capsule adapter assembly compris- 
es a housing 134 and an inner sleeve 135, which may 
be constructed from polycarbonate. The capsule adapt- 
er housing distal extremity 136 is secured in the proxi- 
mal extremity of the capsule, for example, by crimping, 
by using a press fit swaging or an adhesive such as a 
cyanoacrylate ester. The capsule adapter housing distal 
extremity may be angled to facilitate securing the hous- 
ing to the proximal capsule. 



[0072] The proximal extremity of the capsule adapter 
housing 134 is secured to the distal extremity of the 
elongate tubular member 1 31 by means of an cyanoacr- 
ylate ester adhesive, or other suitable means. To facili- 
tate a mechanical lock, the elongate tubular member 
distal extremity is molded to form a flange 137, wherein 
the capsule adapter housing is configured so as to close 
around the flange. The capsule adapter housing is fur- 
ther provided with a recess for receiving the capsule 
adapter inner sleeve 135. The inner sleeve is provided 
with a bore of a suitable diameter so as to allow the bal- 
loon catheter shaft 61 to reside therein. The inner sleeve 
may further be provided with radiopaque marker rods or 
flat ribbons 1 38 for detection of the capsule adapter as- 
sembly 130 during fluoroscopy. In one arrangement, the 
flange is bonded to the capsule adapter 134 without us- 
ing the inner sleeve. 

[0073] A female Luer adapter with barb (not shown) 
is secured to the proximal extremity of the elongate tu- 
bular member 131 of the capsule catheter assembly 52 
and a wye adapter 145 is secured to the female Luer 
adapter. The central arm 146 of the wye adapter is con- 
nected to a Touhy Borst adapter 147 which tightens 
around the hypotube 115 disposed in the central arm of 
the wye adapter. The side arm 148 of the wye adapter 
has a stop cock 149 mounted therein which is movable 
between open and closed positions. The stop cock is 
provided with a Luer fitting 150 which is configured to 
accept a syringe for injecting a dye or other fluid. The 
side arm is also configured with a Touhy Borst adapter 
1 53 which tightens around the ipsilateral locking wire 85 
or may be with a collet lock mechanism and O-ring (not 
shown) which tightens around the ipsilateral locking wire 
for hemostasis. The ipsilateral locking wire is disposed 
in the capsule catheter assembly 52 through the side 
arm of the wye adapter and between the balloon cath- 
eter shaft 61 and the elongate tubular member 131. 
[0074] Air may be purged from the capsule jacket as- 
sembly 53 by injecting fluid through the Luer fitting 150 
in the side arm 148. The injection fluid and air will exit 
purge ports 151 and 152, thereby filling the capsule jack- 
et assembly with injection fluid. The Luer fitting also may 
be attached to a saline drip line during the operative pro- 
cedure and may be used for contrast hand syringe in- 
jections for real time angiograms. In addition, a length 
of polyethylene tubing 154 is adhered over and distal 
the proximal end of the elongate tubular member 131 
and over the distal end of the wye adapter 145 or female 
Luer adapter to provide strain relief. 
[0075] Referring to FIGS. 1 , 6 and 8, the capsule jack- 
et assembly 53 is slidabty disposed coaxially over the 
capsule catheter assembly 52 and the balloon catheter 
assembly 51 (FIG. 26). The capsule jacket assembly is 
comprised of a main sheath 160, a support sheath 161, 
a locking connector 162 and a sheath adapter 164. The 
main and support sheaths are coaxial from their proxi- 
mal end, to a point approximately twelve to twenty-five 
centimeters from the distal end 163 of the main sheath, 
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depending on the length of the graft. At the distal ex- 
tremity of the support sheath, the main sheath flares to 
a larger diameter covering the proximal capsule 1 32, the 
contralateral capsule 202, the bifurcated graft 55 and 
the distal capsule 93. The diameter of the main sheath 5 
is about 6.68 mn (0.263 inches) at its proximal end and 
about 7.62 mm (0.3 inches) at the distal end 163. 
[0076] The proximal ends of the sheaths 1 60 and 1 61 
may be secured to the sheath adapter 1 64 of the locking 
connector by mechanical means and by adhesive. In ad- 
dition, a length of polyethylene tubing 167 is adhered 
over the sheath adapter and over the proximal ends of 
the sheaths to secure the parts from separating. The dis- 
tal end of the main sheath of the capsule jacket is pro- 
vided with radiopaque marker 1 66 about five millimeters 
in longitudinal length. 

[0077] When the capsule jacket assembly 53 is in its 
most distal position, the distal end 163 of the capsule 
jacket main sheath 160 extends to cover at least a por- 
tion of the distal capsule assembly 90. Similarly, the cap- 
sule jacket locking connector 162 is thereby positioned 
just proximal the proximal capsule catheter purge port 
151. Prior to insertion into the lumen, the locking ring 
165 is turned down to hold the capsule jacket assembly 
firmly in place, thereby maintaining a smooth transition 
surface along the length of the intraluminal grafting sys- 
tem 50. When the locking ring is released, the capsule 
jacket assembly may be moved to a furthermost proxi- 
mal position, wherein at least a portion of the proximal 
capsule catheter assembly is exposed. Thus, the lock- 
ing connector is positioned just distal the capsule cath- 
eter wye adapter 145. The locking ring may be tightened 
at any intermediate position to firmly secure the capsule 
jacket assembly at the desired location. In addition, a 
radiopaque marker 166 is provided at the distal end of 
the main sheath to facilitate proper linear positioning of 
the main sheath. 

[0078] As shown in FIGS. 1 , 7 and 17, the intraluminal 
grafting apparatus 50 also includes an expandable, col- 
lapsible and flexible intraluminal vascular bifurcated 
prosthesis or graft 55 for implanting in a body vessel or 
corporeal lumen. Referring to FIG. 17, the graft consists 
of a deformable main tubular member 170 which bifur- 
cates into an ipsilateral tubular leg 171 and a contralat- 
eral tubular leg 172. The main tubular member and tu- 
bular legs each are formed of a cylindrical or continuous 
wall 173 allowing fluid communication between the su- 
perior and inferior ends of the bifurcated graft. 
[0079] The main tubular member 170 may have a 
length in the range of two to ten centimeters, where 7.5 
centimeters is suitable for most patients. The main tu- 
bular member may have a maximum expandable diam- 
eter ranging from fourteen to forty millimeters and a min- 
imum diameter in a collapsed condition of 4.44-7.62 mm 
(0.175 to 0.3 inches). The tubular legs 171 and 172 may 
have a length in the range of three to ten centimeters, 
where five centimeters is suitable for most patients. The 
graft wall 1 73 can be woven of any surgical implantable 



material such as polytetrafluroethylene or a polyester 
fiber made from polyethylene terephthalate (PET), such 
as "DACRON" (a registered trademark) (Type 56). One 
material found to be satisfactory is "DEBAKEY" (a reg- 
istered trademark) soft woven "DACRON" vascular 
prosthesis (uncrimped) sold by C.R. Bard of Billerica, 
Mass. In order to prevent unraveling of the woven ma- 
terial at the ends, the ends can be melted with heat to 
provide a small melted bead of material on each end. 
[0080] FIGS. 37-39 discloses an alternate embodi- 
ment of a bifurcated graft 250. Crimps 251 are config- 
ured in the ipsilateral and contralateral tubular legs 252 
to resist kinking of the graft when deployed in a corpo- 
real lumen. The crimps begin just superior to the bifur- 
cation from the main tubular member 253 and are evenly 
spaced along the tubular leg. The crimps discontinue 
approximately five millimeters superior the inferior ends 
254 of the tubular legs so as to provide sufficient space 
for the inferior attachment systems (not shown) to be 
sewn into the inferior ends of the tubular legs. The 
crimps may be annularly or helically spaced along the 
tubular leg. Similarly, crimps may also be provided in the 
main tubular member of the graft. 
[0081] Although a standard size crimp may be used, 
it is preferred to make the crimps 251 radially deeper 
and less numerous than produced from standard crimp- 
ing techniques. Having sparsely crimped tubular legs 
252 reduces the elongation properties of the bifurcated 
graft 250. Also, a sparsely crimped graft is easier to pack 
into the capsule jacket than a standard crimped graft. 
The low bulk and low elongation of the crimped graft fur- 
ther allows that the inferior ends of the graft may be 
packed into smaller diameter capsules. Similarly, the 
low crimp elongation factor allows for a higher degree 
of placement accuracy in conjunction with marker bands 
on the hypotube of the balloon catheter to adjust for the 
physiologic length of the crimped graft. 
[0082] Whereas the standard crimp have peak widths 
of about two times the graft wall thickness, the crimps 
251 of the bifurcated graft 250 may be of sufficient width, 
preferably two millimeters, so as to sew in radiopaque 
markers 255 on the face of selected crimps. The radio- 
paque markers are preferably "C" shaped and are se- 
cured to the edge of the crimp, allowing for twist detec- 
tion under fluoroscopy. Similarly, long radiopaque mark- 
ers 256 and short radiopaque markers 257 are secured 
to the edge of the main tubular member 253 to ensure 
proper alignment of the graft 250. 
[0083] The distance between the crimps 251 , or crimp 
pitch, is preferably less than the diameter of the tubular 
legs 252, so as to resist kinking. The crimp pitch is pref- 
erably 3.25 millimeters. The crimped graft 250 is config- 
ured with crimps having peaks that are preferably one 
millimeter deep. So configured, the graft will maintain its 
high flexibility even under arterial pressures of over one 
hundred mm Hg within the corporeal lumen. 
[0084] Referring to FIG. 18, a self-expanding superior 
attachment system 175 is secured adjacent the superior 
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end 171 of the tubular member 170. As shown in FIG. 
1 9, a first self-expanding inferior attachment system 1 76 
is secured adjacent the inferior end of the ipsilateral tu- 
bular leg 1 71 . Similarly, a second self-expanding inferior 
attachment system 176 is secured adjacent the inferior 5 
end of the contralateral tubular leg 172. Each attach- 
ment system serves to yieldably urge the graft 55 from 
a first compressed or collapsed position to a second ex- 
panded position and provides a fluid tight seal between 
the graft and corporeal lumen wall. 
[0085] Each attachment system is formed of a plural- 
ity of vees 177 with the outer apices 178 and inner api- 
ces 179 of the vees being formed with helical torsion 
springs 180. The attachment system may be comprised 
of apices numbering from four to twenty-four. The 
springs yieldably urge the legs of each of the vees out- 
wardly at a direction approximately at right angles to the 
plane in which each of the vees lie. The superior attach- 
ment system 175 has both long legs 181 and short legs 
182 which stagger the apices along the superior end of 
the graft 55. The legs 1 83 of the inferior attachment sys- 
tem 176, however, are of equal length. 
[0086] As shown in more detail in FIG. 20, the superior 
attachment system 175 is comprised of a single piece 
of wire which is formed to provide the vees 1 77 and also 
to define the helical torsion springs 180 between the 
legs 181 and 182. The two ends of the single piece of 
wire can be welded together in one of the legs to provide 
a continuous spring-like attachment system. In the con- 
struction shown in FIGS. 17 and 18, it can be seen that 
the attachment systems have twelve apices lying in 
three longitudinally spaced-apart parallel planes which 
are spaced with respect to the longitudinal axis of the 
main tubular member 170. The outer apices 178 resid- 
ing external of the graft are staggered; whereas, the in- 
ner apices 179 residing within the graft lie in the same 
plane. Similarly, the apices will lie in four planes if the 
inner apices are also staggered. 
[0087] The superior and inferior attachment systems 
175 and 176 are secured to the wall 173 of the graft 55 
by suitable means such as a polyester suture material. 
As shown in FIGS. 18 and 19, sutures or knots 190 are 
used for sewing the inner apices 1 79 onto the wall of the 
main tubular member 170 and each tubular leg 171 and 
172. Additional sutures 191 are preferably formed on 
each of the superior legs 181 and 182 to firmly secure 
each leg to the graft. The legs may be secured so that 
the apices lying in each plane are staggered to provide 
for the minimum profile when the attachment system is 
placed in its collapsed condition. 
[0088] As shown in FIG. 20, wall engaging members 
193 are preferably secured to the legs 181 and 182 of 
the attachment systems 175 and 176 in the vicinity of 
the outer apices 178 by suitable means such as a weld 
1 94. The wall engaging members have a diameter rang- 
ing from 0.254-0.457 mm (0.007 to 0.018 inches) and a 
length from 0.5 to 5.0 millimeters. The wall engaging 
members are preferably sharpened to provide conical 



tips 195, and should have a length which is sufficient for 
the tip to penetrate into and perhaps through the corpo- 
real lumen wall. The wall engaging members of the in- 
ferior attachment system 176 are configured in a similar 
manner. 

[0089] The superior attachment system 175, inferior 
attachment system 1 76 and the wall engaging members 
193 secured thereto are formed of a corrosion resistant 
material which has good spring and fatigue character- 
istics. One such material found to be particularly satis- 
factory is "ELGILOY" (a registered trademark) which is 
a cobait-chromium-nickel alloy manufactured and sold 
by Elgiloy of Elgin, Illinois. The wire can have a diameter 
ranging from 0.203-0.406 mm (0.008 to 0.016 inches), 
with a smaller diameter wire being utilized for the smaller 
diameter grafts. For example, 0.305-0.406 mm (0.012 
to 0.016 inch) diameter wire for the frame and wall en- 
gaging members may be used in the larger grafts of 
eighteen to twenty-eight millimeters diameter, and 
0.203-0.305 mm (0.008 to 0.012 inch) diameter wire 
may be used in the smaller grafts being eight to sixteen 
millimeters in diameter. 

[0090] It has been found that the spring force created 
by the helical torsion springs 1 80 at the apices 1 78 and 
179 is largely determined by the diameter of the wire. 
The greater the diameter of the wire, the greater the 
spring force applied to the legs 181 and 182 of the vees. 
Also, the longer the distances are between the apices, 
the smaller the spring force that is applied to the legs. It 
therefore has been desirable to provide a spacing of ap- 
proximately fifteen millimeters between the outer ex- 
tremities of the legs 181 of the superior attachment sys- 
tem 175. Similarly, a spacing of approximately ten mil- 
limeters between the outer extremities of the legs 183 
of the inferior attachment system 176 is preferable, al- 
though smaller or larger distances may be utilized. 
[0091] FIG. 21 shows a low stress configuration of an 
superior attachment system 175 or inferior attachment 
system 176. An additional helical torsion apex 185 is 
added along the legs 181, 182 or 183 of the attachment 
system. The additional apices are located adjacent the 
apices at the vees 177 formed by the legs. Such a con- 
figuration improves the fatigue characteristics of the at- 
tachment system. In addition, the weld 194 for the wall 
engaging members 1 93 may be moved down the attach- 
ment system leg 181 or 182 to improve fatigue life. Al- 
ternatively, a non-round or non-circular wire, for exam- 
ple, a rectangular, conical or rounded ribbon wire, may 
be used to reduce the amount of stress in the attach- 
ment system and still maintain the spring force of the 
attachment system. 

[0092] To facilitate securing the graft 55 in the corpo- 
real lumen, the conical tips 195 of the wall engaging 
members 193 on the superior attachment system 175 
may be angled with respect to longitudinal axis of the 
main tubular member 170. The wall engaging members 
face outwardly from the main tubular member to facili- 
tate holding the graft in place. Preferably, the conical tips 
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of the wall engaging members on the superior attach- 
ment system are inclined from the longitudinal axis and 
toward the inferior end of the graft by 55° to 90° and 
preferably about 85°. Likewise, the conical tips 196 of 
the wall engaging members on the inferior attachment 5 
system 176 may be inclined towards the superior end 
of the graft by 30° to 90° and preferably 85°. By angling 
the conical tips of the wall engaging members so that 
they resist the force of the blood flow, the implanted wall 
engaging members oppose migration of the graft. 
[0093] The helical torsion springs 180 placed at the 
apices 178 and 179 serve to facilitate compression of 
the graft 55 to place the superior and inferior attachment 
system 175 and 176 within the capsule assemblies 90, 
130 and 200, as hereinafter described. The compres- 
sion of the graft is accomplished by deformation of the 
helical torsion springs to just outside their elastic limit, 
thereby having a small component within the plastic 
range. Placing the apices in different planes and stag- 
gering or offsetting the wall engaging members 193 sig- 
nificantly reduces the minimum compressed size of the 
graft. Having the conical tips 195 and 196 in different 
planes also helps to prevent the wall engaging members 
from becoming entangled with each other. The natural 
spring forces of the helical torsion springs serves to ex- 
pand the graft to its expanded position as soon as the 
attachment system is free of the capsules. 
[0094] The medial attachment systems are preferably 
configured without wall engaging members. The medial 
attachment systems are deployed using an auxiliary 
capsule catheter traversed over the main guide wire 56 
and the contralateral pull wire 207 or another guide wire 
inserted in the contralateral tubular leg 1 72 after the con- 
tralateral attachment system 176 is firmly seated. 
[0095] The graft 55 preferably contains a radiopaque 
marker system for locating the graft and for detecting 
any twisting of the graft during deployment. As shown 
in FIG. 17, the radiopaque marker system is comprised 
of two sets of relatively long radiopaque markers 197 
and two sets of relatively short radiopaque markers 1 98. 
The radiopaque markers are made of a suitable material 
such as a platinum tungsten alloy wire of a suitable di- 
ameter such as 0.102 mm (0.004 inches) which is 
wound into a spring coil having a diameter of 1.0 mmm 
(0.4 inches). The radiopaque markers are secured to the 
wall 173 by sutures, using the same material used to 
secure the attachment system to the graft. 
[0096] As shown in FIG. 17, the long radiopaque 
markers 197 are located on the wall 173 of the graft 55 
in a line parallel to the longitudinal axis of the main tu- 
bular member 170 and extend along the outside of the 
tubular legs 171 and 172. The first marker is positioned 
0. 5 centimeters from the superior attachment system 
175. Additional markers are positioned intermittently 
thereafter for the length of the graft. The last marker in 
each set is 0.6 centimeters away from the inferior at- 
tachment system 1 76. Each long marker has a preferred 
length of three millimeters. Thus, the total number of 



markers in each set depends upon the length of the 
graft. 

[0097] Each of the second set of radiopaque markers 
1 98 preferably has a smaller length, for example two mil- 
limeters, and are positioned along the longitudinal axis 
of the inside of the tubular legs at a position 180° from 
the first set of markers 197. By placing markers of dif- 
ferent lengths along the axis of the graft 55, it is possible 
to ascertain the position of the graft and to determine 
whether the ipsilateral and contralateral tubular legs 
have twisted between their superior and inferior ends. 
Under fluoroscopy, the two sets markers will be exhibit- 
ed as two relatively straight lines for an untwisted graft, 
wherein a twisted graft will be revealed by a non-linear 
pattern of markers. By placing the markers at equal in- 
crements apart, it is possible to use fluoroscopy to as- 
certain longitudinal compression or tension on the graft. 
[0098] As shown in FIGS. 37-39, the preferred radio- 
paque marking system for a bifurcated graft 250 having 
crimped tubular legs 252 includes one millimeter wide 
by five millimeter long marker coils 255 sewn to the tu- 
bular legs. The tubular leg marker coils are sewn hori- 
zontally every one centimeter on the same longitudinal 
axis as the long and short radiopaque markers 256 and 
257 sewn on the main tubular member. The radiopaque 
marker configuration for the main tubular member re- 
mains the same as described above (FIG. 17). When 
detecting twist of the graft under fluoroscopy, the tubular 
leg markers appear with varying widths, ranging from 
one to five millimeters. The tubular leg markers, howev- 
er, appear uniform in size for a tubular leg that is not 
twisted. 

[0099] The sizing of the graft 55 may be performed on 
a patient-by-patient basis, or a series of sizes may be 
manufactured to adapt to most patient needs. For the 
repair of an aortic aneurysm, the length of the graft is 
selected so to span approximately one centimeter su- 
perior and one centimeter inferior of the aneurysm, 
wherein the wall engaging members 1 93 of the graft can 
seat within normal tissue of the vessel on both sides of 
the aneurysm. Thus, the graft should be about two cen- 
timeters longer than the aneurysm being repaired. Dur- 
ing the preimplant fluoroscopy procedure, a convention- 
al pigtail angiography catheter is used to determine the 
locations of the renal arteries to ensure the renal arteries 
will not be covered by the implanted graft. Likewise, on 
the inferior end of the corporeal lumen, determining the 
location of the internal iliac arteries ensures that they 
will not be covered by the implanted graft. Also, the di- 
ameter of the main tubular member 170 is selected by 
measuring the corporeal lumen which will receive the 
graft by conventional radiographic techniques and then 
selecting a graft with a main tubular member having a 
diameter at least one millimeter larger than that meas- 
ured. 

[0100] FIGS. 22 and 23 show an alternative embodi- 
ment of the intraluminal graft 55. A segment of polyester 
yarn 199 or similar material is used to produce a "fuzzy" 
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thrombogenic surface to reduce blood leakage and im- 
prove blood clotting and coagulation along the superior 
end of the main tubular member 170. The filaments of 
the yarn segment are teased apart to increase the em- 
bolization area. The yarn segment is sutured to the wall 5 
1 73 of the graft between one or more of the vees 1 77 of 
the superior attachment system 175. 
[0101] FIG. 22 shows the yarn segment 199 posi- 
tioned on the graft wall 173 inside an outer apex 178; 
however, the yarn segment may also be positioned with- 
in the vee of an inner apex 179. Similarly, yarn segments 
may be attached to the graft wall adjacent the inferior 
attachment systems 176 on the ipsilateral and contral- 
ateral tubular legs 171 and 172. Alternatively, the graft 
may be made of velour or terry to similarly occlude blood 
flow through the ends of the graft adjacent the attach- 
ment system. Likewise, other modifications to the graft 
wall may be made to accomplish the same result. 
[0102] FIGS. 1, 7, 8, 24 and 27 show the contralateral 
capsule assembly 200 comprising a contralateral cap- 
sule 202 and a guiding tube assembly 205. The purpose 
of the contralateral capsule is to retain the inferior at- 
tachment system 176 secured to the contralateral tubu- 
lar leg 172. The guiding tube assembly is used to pull 
the contralateral capsule into the contralateral artery, e. 
g., iliac, and is configured to deploy the inferior attach- 
ment system when the contralateral tubular leg is prop- 
erly positioned. The contralateral capsule is also config- 
ured to connect with a torque catheter 21 5 to aid in prop- 
er deployment of the contralateral tubular leg. 
[01 03] As shown in FIG. 27, the contralateral capsule 
202 is of sufficient length to contain the contralateral in- 
ferior attachment system 176 secured to the contralat- 
eral tubular leg 172. The contralateral capsule prevents 
the conical tips 196 of the wall engaging members 193 
from contacting the wall of the body lumen prior to de- 
ployment of the attachment system. The contralateral 
capsule is made from stainless steel or similar biocom- 
patible material. The contralateral capsule is typically 1 . 
5 centimeters long with a internal diameter of 0.3 cen- 
timeters. The contralateral capsule may be circular 
shaped so as to fit within the indentation of the proximal 
capsule 132, as shown in FIG. 28, and is open at its 
distal end to receive the inferior attachment system. In 
addition, the contralateral capsule may be configured 
with an indentation (not shown) to prevent the inferior 
attachment system from rotating within the contralateral 
capsule. 

[0104] A barbed adapter 203 is fitted within the prox- 
imal end of the contralateral capsule 202 to couple to 
the distal end of the torque catheter 215. The barbed 
adapter is formed around a polyethylene guiding tube 
206 which comprises the distal length of the guiding tube 
assembly 205. The distal end of the guiding tube is 
flared and expanded just distal of the barbed adapter. A 
retaining bump 204 may be formed on the guiding tube 
just proximal of the barbed adapter to secure the adapt- 
er in place. As shown in FIG. 8, the barbed adapter is 



further configured with a bore in which the guiding tube 
resides. 

[0105] A distal locking ball 208 and a proximal locking 
ball 209 are fixed at the distal end of a pull wire 207 
about 1.2 centimeters apart and reside within the con- 
tralateral capsule. Prior to deployment of the contralat- 
eral tubular leg 172 into the contralateral iliac artery, the 
inferior attachment system 176 resides in the contralat- 
eral capsule between the distal and proximal locking 
balls. As shown in FIG. 27, the contralateral capsule as- 
sembly may be configured with only the distal locking 
ball, when the inferior attachment system does not need 
to be pushed from the contralateral capsule. 
[0106] The guiding tube assembly 205 comprises the 
pull wire 207 disposed within the distal guiding tube 206 
and a proximal guiding tube 213. Approximately a dis- 
tance equal to the length of the graft 55 from the con- 
tralateral capsule 202, or distal end of the guiding tube, 
a six centimeter segment of the guiding tube is config- 
ured with a radiopaque material, such as a platinum coil 
21 0. As shown in FIGS. 1 and 8, the radiopaque material 
marks the point where the guiding tube exits the distal 
end 163 of the capsule jacket 160. Such a marking al- 
lows fluoroscopic determination of whether the guiding 
tube has been twisted or wrapped around the capsule 
jacket or distal capsule assembly 90. 
[0107] The guiding tube assembly 205 is further con- 
figured with a tapered joint 211 approximately fifty cen- 
timeters from the contralateral capsule 202. The tapered 
joint connects the distal guiding tube 206 with a proximal 
guiding tube 213. The tapered proximal end of the distal 
guiding tube nests inside the flared distal end of the 
proximal guiding tube. Both guiding tubes may be made 
from polyethylene tubing or similar material. The proxi- 
mal end of the proximal guiding tube is connected to a 
0.9 mm (0.035 inch) diameter contralateral "J" guide 
wire 212 made from stainless steel and having a length 
of about seventy centimeters. 

[0108] The pull wire 207 extends from the contralat- 
eral capsule 202 to a point just distal the proximal end 
of the proximal guiding tube 213. The pull wire is fixed 
at its proximal end to the proximal guiding tube to pre- 
vent relative movement between the parts of the guiding 
tube assembly 205 such that pulling on the contralateral 
guide wire 212 or the proximal guiding tube will cause 
corresponding movement of the contralateral capsule. 
If, however, the guiding tube assembly 205 is cut some- 
where between the tapered joint 211 and the contralat- 
eral guide wire, then the proximal portion of the proximal 
guiding tube can be removed from the pull wire. Once 
the assembly is cut, the contralateral capsule can be 
moved relative to the pull wire by sliding the distal guid- 
ing tube 206 proximally over the pull wire. Black or color- 
ed marker bands 214 formed from PET shrink tubing are 
positioned at predetermined locations on the proximal 
guiding tube to indicate the chronological order in which 
the sections of the guiding tube assembly is removed 
during the deployment process. 
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[0109] A torque catheter assembly 215 for use with 
the contralateral capsule assembly 200 is shown in FIG. 
24. The torque catheter assembly consists of a torque 
catheter shaft 216 made of a flexible plastic material, 
such as PEBAX. The shaft is of sufficient length to span 5 
the distance from the contralateral femoral cutdown to 
the position in the contralateral iliac artery where the 
contralateral attachment system 176 is to be deployed, 
for example, forty centimeters. The torque catheter shaft 
is provided with a through lumen configured to accept 
and pass over the proximal and distal sections 213 and 
206 of the guiding tube assembly 205. 
[0110] The distal end 217 of the torque catheter shaft 
216 is configured to connect to the barb adapter 203 on 
the contralateral capsule 202. The distal end of the shaft 
is further configured with a radiopaque marker band 218 
for use in securing the distal end of the torque catheter 
to the barb adapter. Alternatively, the distal end of the 
shaft may be configured with a radiopaque adapter con- 
figured to mate with the barb adapter. The distal end of 
the torque catheter shaft may be provided with one or 
more purge ports 219. 

[0111] The proximal end 221 of the torque catheter 
assembly 215 is provided with a stop cock 222 having 
a female Luer fitting 223 for injecting a fluid for purging 
the torque catheter shaft lumen 220. Likewise, a con- 
trast fluid may be injected through the Luer fitting and 
out the distal end 217 or purge ports 219 of the torque 
catheter shaft. The proximal end of the torque catheter 
shaft is further provided with two consecutive Touhy 
Borst adapters 240 and 241 separated by a single lumen 
polyethylene tube 242. 

[0112] The distal Touhy Borst adapter 240 locks on 
the distal guiding tube 206 with the barb adapter 203 
engaging the distal end 217 of the torque catheter shaft 
216. This engagement allows torque ability of the con- 
tralateral capsule 202. The proximal Touhy Borst adapt- 
er 241 engages the proximal guiding tube 213 and ulti- 
mately the pull wire 207 which secures the contralateral 
attachment system 176 within the contralateral capsule. 
The tapered joint 211 between the distal guiding tube 
and the proximal guiding tube resides between the two 
Touhy Borst adapters. 

[01 1 3] The distal end of the single lumen polyethylene 
tube 242 is flared and secured to the cap of the distal 
Touhy Borst adapter 240. The proximal end of the pol- 
yethylene tube is configured with a barbed female Luer 
fitting 243 on which the proximal Touhy Borst adapter 
241 is secured for engaging the proximal guiding tube 
213. To expose the pull wire 207, the proximal Touhy 
Borst is unlocked and removed from the female Luer, 
thereby removing the proximal guiding tube 213 with the 
proximal Touhy Borst adapter. 

[0114] FIG. 8 depicts the distal end of the intraluminal 
grafting system 50 assembled for deployment. The dis- 
tal cap 92 is in its retracted or proximal position adjacent 
to proximal cap 100. Similarly, core wire 91 is locked via 
control knob 113 in its retracted or proximal position. 



During initial deployment, capsule catheter tubular 
member 131 is in its most distal position in relation to 
balloon catheter assembly 51 and is locked in place by 
the locking ring on the Touhy Borst adapter 147. 
[0115] The graft 55 is disposed within the distal cap- 
sule 93, the proximal capsule 132, the contralateral cap- 
sule 202 and the capsule jacket main sheath 160. The 
superior end of the main tubular member 170 and su- 
perior attachment system 175 are removably retained 
within the distal capsule 93. The inferior end of the ipsi- 
lateral tubular leg 171 and inferior attachment system 
176 are removably retained within the proximal capsule 
132. Likewise, the inferior end of the contralateral tubu- 
lar leg 172 and inferior attachment system 176 are re- 
movably retained within the contralateral capsule 202. 
[0116] During initial deployment, the distal end of the 
balloon catheter 80 is positioned such that the distal 
stem 82 of the balloon 60 resides within the main tubular 
member 170 of the graft 55, as shown in FIG. 8. The 
proximal cap 100 is positioned just proximal the distal 
cap 92 and is disposed within the distal capsule 93. In 
addition, proximal locking ring 86 and distal locking ring 
87 are disposed on either side of the ipsilatera! attach- 
ment system 176. Similarly, proximal locking ball 209 
and distal locking ball 208 are disposed on either side 
of the contralateral attachment system 176. In one ar- 
rangement, distal locking ring 87 and distal locking ball 
208 are disposed just distal of the respective attachment 
systems 176. Also, the capsule jacket assembly 53 is 
positioned such that the distal end 163 of the capsule 
jacket main sheath 160 overlaps at least a portion of the 
distal capsule. During deployment, capsule jacket lock- 
ing connector 162 secures the main sheath in place. 
Thus, when any movement or force is applied to the han- 
dle assembly 110, the entire apparatus 50 moves as a 
single unit. 

[0117] By way of example, the following describes a 
method of repair of an aortic aneurysm using the de- 
scribed system for intraluminal placement of a graft in 
an aorta. First, a patient is prepared in a conventional 
manner by use of a guide wire 56, a dilator and sheath 
(not shown) to open both ipsilateral and contralateral 
femoral arteries or vessels of the patient. The contralat- 
eral guide wire 212 is then used to feed the guiding tube 
assembly 205 through the cutdown in the ipsilateral fem- 
oral artery and ipsilateral iliac artery 228 into the aorta. 
By conventional means, a basket catheter or similar de- 
vice is fed through a cutdown in the contralateral femoral 
artery to the contralateral iliac artery 229 to snare or cap- 
ture the proximal end of the guiding tube assembly. The 
guiding tube 206 is then pulled through the contralateral 
iliac artery and out the cutdown in the contralateral fem- 
oral artery. 

[0118] The distal end of the intraluminal grafting ap- 
paratus 50 is then inserted into the sheath, which has 
previously been placed in the femoral artery. In one ar- 
rangement the balloon catheter lumen 63 is provided for 
receiving the guide wire 56 that was previously tra- 
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versed across the aneurysm. However, the following 
procedure may also be used when the guiding member 
is constructed as part of the balloon catheter. 
[0119] Next, the balloon catheter assembly 51, the 
capsule catheter assembly 52, the capsule jacket as- 5 
sembly 53 and the control wire assembly 54 are all con- 
figured for deployment as shown in FIGS. 1 and 8. Thus, 
the assemblies may be advanced by the physician as a 
single unit over the main guide wire 56. As shown in FIG. 
29, the main guide wire is introduced by the physician 
into a cutdown in the ipsilateral femoral artery and ad- 
vanced through the ipsilateral iliac artery 228 to the de- 
sired location in the abdominal aorta 225 and adjacent 
to the diseased or damaged portion 226 of the vessel. 
[0120] The physician advances the distal end of the 
intraluminal grafting assembly 50 through the ipsilateral 
femoral artery over the guide wire 56 while maintaining 
slight tension on the guiding tube assembly 205 from 
the cutdown in the contralateral femoral artery. Typically, 
the desired position for implanting the graft 55 will be 
within the abdominal aorta 225 with the superior extrem- 
ity of the main tubular member 170 at least one centim- 
eter inferior to the lower renal artery. The inferior attach- 
ment systems 176 should be positioned 0.5 centimeters 
superior the internal iliac arteries. However, prior to re- 
moving the contralateral tubular leg 172 from the cap- 
sule jacket assembly 53, the proximal capsule assembly 
130 and contralateral capsule assembly 200 must be 
positioned superior the bifurcation of the abdominal aor- 
ta to the ipsilateral iliac artery 228 and contralateral iliac 
artery 229, as shown in FIG. 29. Fluoroscopy is used to 
inspect the position of the radiopaque section 21 0 of the 
guiding tube assembly 205 to ensure that the distal end 
of the guiding tube 206 is not wrapped or twisted around 
the distal capsule assembly 90 as the distal capsule 93 
first enters the aorta. 

[0121] When the proximal capsule assembly 130 and 
the contralateral capsule assembly 200 are in the de- 
sired position, as shown in FIG. 29, the locking ring 165 
of the capsule jacket assembly 53 is loosened to allow 
movement of the capsule jacket main sheath 1 60. While 
using one hand to firmly grasp the capsule catheter as- 
sembly 52 and hold it stationary, the physician grasps 
the sheath adapter 164 with the other hand and gently 
pulls the sheath adapter proximally towards the capsule 
catheter wye adapter 145. Simultaneously, the physi- 
cian applies slight tension on the guiding tube assembly 
205 from the contralateral side as it is removed from the 
capsule jacket assembly. The capsule jacket assembly 
is gradually retracted to sufficiently expose the proximal 
capsule 132 to free the contralateral capsule 202. The 
locking ring is then tightened to hold the capsule jacket 
assembly in place such that the distal end 163 of the 
capsule jacket rests near the proximal end of the prox- 
imal capsule, as shown in FIG. 30. The radiopaque 
marker 166 at the distal end of the capsule jacket main 
sheath may be used to position the capsule jacket rela- 
tive to the proximal capsule. In an alternative procedure 



where a crimped graft 250 is used, the position of the 
distal capsule 93 relative to the proximal capsule 132 is 
adjusted by using the marker bands on the hypotube 
115 to adjust the implant length to physiologic length. 
[0122] At this point in the procedure, the contralateral 
tubular leg 172 of the graft 55 is moved into the contral- 
ateral iliac artery 229 by pulling the guiding tube 206 in 
a proximal direction, as shown in FIG. 31. At the same 
time and with concurrent motion, the superiorend of the 
main tubular member 170, disposed in the distal capsule 
93, is moved into the desired location of the aorta 225 
by moving the control handle 110, and thereby the intra- 
luminal grafting assembly 50, in a proximal direction. By 
this motion, the inferior end of the ipsilateral tubular leg 
171, securely retained within the proximal capsule 132, 
is moved to the desired location in the ipsilateral iliac 
artery 228 for deploying the ipsilateral attachment sys- 
tem 176. Similarly, the inferior end of the contralateral 
tubular leg, securely retained with in the contralateral 
capsule 202, is positioned for deployment of the contral- 
ateral attachment system. Thus, each of the attachment 
systems should be in position for deployment. 
[0123] The control knob 113 is then rotated to cause 
relative movement between the distal capsule assembly 
90 and the balloon catheter assembly 51 to release the 
superior end of the main tubular member 170 and su- 
perior attachment system 175 from the distal capsule 
93. Rotating the control knob causes the retaining rack 
120 to move the control wire 91 in a distal direction. 
Since the distal cap 92 and distal capsule 93 are se- 
cured to the control wire 91 , they move in corresponding 
relationship with the rotation of the control knob. As the 
distal capsule is moved from engagement with the su- 
perior attachment system, the balloon catheter proximal 
cap 1 00 locates at the proximal end of the distal capsule. 
As soon as the distal capsule has cleared the superior 
attachment system 175, the superior extremity of the 
main tubular member expands outwardly under the 
force of the self-expanding attachment system which 
springs into engagement with the vessel wall 202. The 
locking pin 1 26 holds the control knob, and thus the con- 
trol wire and distal capsule, fixed in place. 
[0124] Once the superior attachment system 175 is 
exposed, steps are taken to firmly seat or urge the wall 
engaging members 193 in the vessel wall. First, the 
locking ring on the capsule catheter Touhy Borst adapter 
147 is loosened to permit relative movement between 
the capsule catheter assembly 52 and the balloon cath- 
eter assembly 51. While the physician uses one hand 
to hold the capsule catheter assembly stationary, the 
handle assembly 110 is grasped by the other hand and 
pushed distally to position the center of the main balloon 
60 into the superior extremity of the main tubular mem- 
ber 170. The radiopaque marker 84 is used to align the 
main balloon and superior attachment system. 
[0125] Thereafter, a conventional hand operated sy- 
ringe or inflation assembly (not shown) is attached to 
the balloon catheter inflation port 74. As depicted in FIG. 
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32, the main balloon 60 is then expanded by introducing 
a suitable gas such as carbon dioxide or a dilute radio- 
paque liquid from the syringe to urge the wall engaging 
members 193 outwardly to firmly emplace the superior 
conical tips 195 into the vessel wall 230. The main bal- 
loon may be deflated and inflated repeatedly to ensure 
the superior attachment system is firmly implanted in the 
vessel. 

[0126] The main balloon 60 normally remains in an 
inflated position during the next steps of the procedure. 
During the actual retraction of the contralateral capsule 
202 and proximal capsule 132, the main balloon should 
be inflated, further securing the superior attachment 
system 175. However, the main balloon may be deflated 
and reinflated during the following steps to allow the tu- 
bular legs 171 and 172 to fill with blood to facilitate de- 
tecting any twisting of the bifurcated graft 55. 
[0127] As shown in FIG. 33, the next step is to implant 
or anchor the inferior attachment system 1 76 of the con- 
tralateral tubular leg 172. Initially, the proximal guiding 
tube 213 is cut between the single and double marker 
bands 214. Next, the portion of the guiding tube contain- 
ing the single marker band is removed. Then, the torque 
catheter assembly 215 is passed over the remaining 
guiding tube assembly 205 so as to engage the distal 
connector 217 of the torque catheter with the barb 
adapter 203 of the contralateral capsule assembly 200, 
as depicted in FIG. 24. The torque catheter is used to 
straighten any twists in the guiding tube and can be used 
to adjust the placement of the contralateral capsule 202. 
The torque catheter may remain secured to the contral- 
ateral capsule assembly during the following procedure 
with the two Touhy Borst adapters 240 and 241 locked 
to the distal and proximal guiding tubes 206 and 213. 
[0128] Next, the proximal guiding tube 21 3 is cut prox- 
imal of the tapered joint 211 between the double and 
triple marker bands 214 to allow relative movement be- 
tween the distal section of the guiding tube 206 and the 
pull wire 207. Then, the portion of the guiding tube con- 
taining the double marker band is removed. The proxi- 
mal Touhy Borst adapter 241 of the torque catheter as- 
sembly 215, which is locked to the proximal guiding 
tube, is disengaged from the Luer fitting 243 exposing 
the pull wire 207. Thus, the proximal guiding tube having 
the triple marker band is also removed. The pull wire 
and locking ball 208 are then advanced into the contral- 
ateral tubular leg 172 by moving the pull wire distally. 
[0129] The torque catheter assembly 215 and distal 
guiding tube 206 are then moved in a proximal direction 
to remove the contralateral capsule 202 from the inferior 
attachment system 176 while the pull wire 207 is held 
fixed relative to the torque catheter assembly. The distal 
end of the pull wire and locking ball 208 remain in place 
inside the contralateral tubular leg 1 72. Once the inferior 
extremity of the contralateral tubular leg is free of the 
contralateral capsule, the inferior attachment system 
will spring open and the wall engaging members 1 93 will 
engage the contralateral iliac artery wall 231. 



[0130] Thereafter, the torque catheter 215 and/or 
guiding tube 206 and contralateral capsule 202 are re- 
moved through the contralateral femoral artery cut- 
down. The pull wire 207 is moved distally so that the 

5 locking ball 208 is disposed near the superior end of the 
contralateral tubular leg 172. A conventional (contralat- 
eral) balloon catheter 235 is then moved into the con- 
tralateral iliac artery 229 over the pull wire and posi- 
tioned within the inferior attachment system 176. A con- 

10 tralateral balloon 236 configured on the contralateral 
balloon catheter is then inflated to firmly seat the conical 
tips 196 of the inferior attachment system into the con- 
tralateral iliac artery wall 231. The contralateral balloon 
may be deflated and reinflated throughout the contrai- 
ls ateral tubular leg to open the entire length of the tubular 
leg. The contralateral balloon catheter remains in place 
with the contralateral balloon inflated during the next se- 
quence of steps; however, the contralateral balloon 
catheter, pull wire and locking ball may be removed once 

20 the contralateral attachment system is firmly implanted. 
[0131] As shown in FIG. 34, the next step is to deploy 
the inferior attachment system 176 of the ipsilateral tu- 
bular leg 171 into the ipsilateral iliac artery 228. First, 
the ipsilateral lock adapter 153 is loosened to release 

25 the ipsilateral locking wire 85. The ipsilateral locking 
wire proximal handle 88 is then moved distally to ad- 
vance the locking rings 87 into the superior portion of 
the ipsilateral tubular leg. Next, the locking mechanism 
147 of the capsule catheter wye adapter is loosened. 

30 With the handle assembly 110 of the balloon catheter 
assembly 51 held firmly in place, the capsule catheter 
assembly 52 is moved proximally until the inferior at- 
tachment system and inferior end of the ipsilateral tubu- 
lar leg are completely clear of the proximal capsule 1 32. 

35 [0132] Once the inferior extremity of the ipsilateral tu- 
bular leg 171 is free of the proximal capsule 132, the 
ipsilateral inferior attachment system 176 will spring 
open and the wall engaging members 193 will engage 
the ipsilateral iliac vessel wall 232. Leaving the main bal- 

40 loon 60 inflated while the capsule catheter assembly 52 
is moved ensures that the superior attachment system 
175 will remain firmly secured in place. Thereafter, the 
ipsilateral locking wire 85 is moved proximally to its orig- 
inal position and is secured by tightening the locking 

45 wire adapter 153. 

[0133] Next, the main balloon 60 is deflated. As 
shown in FIG. 35, the handle assembly 110 is moved 
proximally so that the main balloon is retracted into the 
ipsilateral tubular leg 171 and placed adjacent the ipsi- 

50 lateral inferior attachment system 176. If the main bal- 
loon cannot be positioned adjacent to the ipsilateral at- 
tachment system due to limited available movement of 
the handle assembly, then the capsule catheter locking 
ring 147 is secured to the hypotube 115, thereby secur- 

55 jng the capsule catheter assembly to the balloon cath- 
eter assembly 5 1 . The entire deployment catheter 50 is 
then moved proximally to position the main balloon ad- 
jacent the ipsilateral attachment system. 
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[0134] The main balloon 60 may be inflated and de- 
flated through the entire length of the main tubular mem- 
ber 1 70 and ipsilateral tubular leg 1 71 to ensure patency 
of the bifurcated graft 55. Again, the balloon radiopaque 
marker 84 is used to align the center of the main balloon 5 
with the ipsilateral attachment system 176. The balloon 
is then inflated just enough to expand the ipsilateral at- 
tachment system to tack down the wall engaging mem- 
bers 193 into the ipsilateral iliac artery vessel wall 232. 
Thereafter, the main balloon is finally deflated. 
[0135] As shown in FIG. 36, the proximal capsule as- 
sembly 1 30 and balloon 60 are moved proximal the graft 
55. First the locking ring 147 is loosened. Then, while 
holding the capsule catheter assembly 52 in place by 
grasping the wye adapter 1 45 with one hand , the balloon 
catheter assembly 51 is moved proximally by gently pull- 
ing the handle assembly 110 with the other hand. Thus, 
the capsule catheter assembly and balloon catheter are 
in the same relative position as they were just prior to 
deployment (FIG. 8). Also, the proximal end 103 of the 
distal capsule 93 has been mated with the proximal cap 
100 for smooth transition. 

[0136] Finally, the capsule jacket locking ring 165 is 
loosened. While holding the capsule jacket sheath 
adapter 164 in place, the balloon catheter assembly 51 
and capsule catheter assembly 52 are moved proximal- 
ly and in unison by gently pulling the wye 1 45 of the cap- 
sule catheter assembly. The catheter assemblies are 
moved until the distal end 163 of the capsule jacket main 
sheath 1 60 covers the proximal cap 1 00 or until the prox- 
imal capsule adapter housing 134 mates with the flared 
transition of the capsule jacket, thereby creating a 
smooth transition along the entire length of the intralu- 
minal grafting apparatus 50. Thereafter, the balloon 
catheter assembly, capsule catheter assembly, capsule 
jacket assembly 53 and control wire assembly 54 are 
removed from the aorta through the femoral artery. The 
graft 55 and attachment systems 175 and 176 remain 
secured to the vessel walls 230, 231 and 232, thereby 
sealing the aneurysm 226 from blood flow. 
[01 37] When the intraluminal grafting apparatus 50 is 
removed from the ipsilateral iliac and femoral arteries, 
the main guide wire 56 remains in place in the vessels. 
A conventional (ipsilateral) auxiliary balloon catheter 
(not shown) is traversed over the main guide wire and 
positioned at the inferior end of the ipsilateral tubular leg 
171 and within the ipsilateral attachment system 176. 
An ipsilateral auxiliary balloon on the ipsilateral auxiliary 
balloon catheter is inflated to firmly implant the conical 
tips 196 of the wall engaging members 193 into the ip- 
silateral iliac artery wall 232. The ipsilateral auxiliary bal- 
loon may be inflated and deflated along the entire ipsi- 
lateral tubular leg to ensure the tubular leg is completely 
open and to remove creases which may have set while 
the graft was loaded in the capsule jacket assembly. 
Thereafter, the ipsilateral auxiliary balloon catheter and 
main guide wire are removed from the ipsilateral femoral 
artery and the cutdowns are closed. 



[0138] The entire procedure described herein can be 
observed under fluoroscopy. The relative positioning of 
the graft 55 and the balloon 60 can be readily ascer- 
tained by the radiopaque attachment systems 175 and 
176, radiopaque locking mechanisms 87 and 208, radi- 
opaque markers 197 and 198 provided on the graft, the 
radiopaque marker 84 on the balloon shaft 61 and the 
proximal cap 100. If any twisting of the graft has oc- 
curred between placement of the superior attachment 
system and the inferior attachment system, then the 
twisting can be readily ascertained by observing the se- 
ries of markers 197 and 198. Adjustments to eliminate 
any twisting which may have occurred can be made be- 
fore exposing the attachment systems by rotation of the 
balloon catheter 51, the capsule catheter assembly 52 
or the contralateral capsule 132 via the torque catheter 
215. Any excessive graft compression can be ascer- 
tained by observing the radiopaque markers under fluor- 
oscopy. Adjustments to eliminate graft compression can 
be made before exposing the inferior extremity of the 
graft by applying tension on the capsule catheter as- 
sembly and torque catheter 215. 
[0139] Post implant fluoroscopy procedures can be 
utilized to confirm the proper implantation of the device 
by the use of a conventional pigtail catheter or by inject- 
ing dye into the guide wire lumen of the balloon catheter 
shaft. Thereafter the sheath can be removed from the 
femoral artery and the femoral artery closed with con- 
ventional suturing techniques. Tissues should begin to 
grow into the graft within two to four weeks with tissue 
completely covering the interior side of the graft within 
six months so that no portion of the graft thereafter 
would be in communication with the blood circulating in 
the vessel. This establishes a complete repair of the an- 
eurysm which had occurred. 

[0140] While several particular forms of the invention 
have been illustrated and described, it will be apparent 
that various modifications can be made without depart- 
ing from the scope of the invention. For example, refer- 
ences to materials of construction and specific dimen- 
sions are also not intended to be limiting in any manner 
and other materials and dimensions could be substitut- 
ed and remain within the scope of the invention. Accord- 
ingly, it is not intended that the invention be limited, ex- 
cept as by the appended claims. 



Claims 

An intraluminal graft (55) for permanent implanta- 
tion in a patient's vasculature for repairing the vas- 
culature proximate to a bifurcation in the vascula- 
ture, the intraluminal graft (55) being intraluminally 
deployed into the vasculature using a catheter (51 ), 
the intraluminal graft comprising: 

a main tubular body (170) having a superior end 
and configured to reside proximate a bifurca- 
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tion in a vasculature of a patient, the bifurcation 
forming a first vessel and a second vessel; 
a first tubular member (171) having an inferior 
end and joined to and in fluid communication 
with said main tubular body (170), said first tu- 
bular member (171) configured to extend into 
the first vessel; 

a second tubular member (172) having an infe- 
rior end and joined to and in fluid communica- 
tion with said main tubular body (1 70), said sec- 
ond tubular member (1 72) configured to extend 
distally into the second vessel; 
a first attachment system (175) secured to the 
superior end of said main tubular body; 
a second attachment system (176) secured to 
the inferior end of said first tubular member 
(171); and 

a third attachment system (176) secured to the 
inferior end of said second tubular member 
(172) 

characterised in that a fourth attachment system 
is placed medial the ends of the first and/or second 
tubular members. 

2. The intraluminal graft (55) of claim 1, wherein said 
first attachment system (175), said second attach- 
ment system (176) and said third attachment sys- 
tem (176) each include a plurality of support mem- 
bers (177) and a plurality of wall engaging members 
(193), each support member having two legs 
(181,182) joined to form an apex (178,179), each 
leg being joined to the legs of adjacent support 
members to form a circular arrangement of support 
members about a central axis and operable be- 
tween a first collapsed position and a second ex- 
panded position. 

3. The intraluminal graft (55) of claim 2, wherein the 
support members of said attachment systems fur- 
ther include a first helical spring (180) and a second 
helical spring (180). 

4. The intraluminal graft of claim 2 or claim 3, wherein 
the support members of said attachment systems 
are formed from a non-round wire. 

5. The intraluminal graft of any preceding claim and 
further comprising means for reducing blood leak- 
age near the superior end of the main tubular body. 

6. The intraluminal graft of claim 5, wherein said 
means for reducing blood leakage (199) near the 
superior end of the main tubular body (170) is 
formed from a segment of biocompatible fiber. 

7. The intraluminal graft of any preceding claim and 
further comprising means for resisting kinking in the 



first tubular member (171 ) and in the second tubular 
member (172). 

8. The intraluminal graft of claim 7, wherein said 
5 means for resisting kinking comprises a plurality of 

crimps configured in the first tubular member (171) 
and in the second tubular member (172). 

9. The intraluminal graft (55) of any preceding claim, 
10 wherein said first, second and third attachment 

means are each in the form of a self-expanding at- 
tachment system having outwardly disposed wall 
engaging members (193). 

15 10. The intraluminal graft (55) of any preceding claim, 
wherein said main tubular body (170) includes a 
plurality of radiopaque markers (197) spaced longi- 
tudinally along said main tubular body, such that 
twisting of the main tubular body (170) may be de- 

20 tected by viewing the radiopaque markers by fluor- 
oscopy. 

11. The intraluminal graft (55) of any preceding claim 
and further comprising a plurality of longitudinally 

25 spaced apart radiopaque markers (197,198) car- 
ried by each of said first and second tubular mem- 
bers (172,173), wherein twisting of said first and 
second tubular members (172,173) may be detect- 
ed by viewing said radiopaque markers by fluoros- 

30 copy. 



Patentanspriiche 

35 1. Intraluminal Implantat (55) zur dauerhaften Im- 
plantation in das Gefalisystem eines Patienten zum 
Reparieren des Gefafisystems nahe einer Verzwei- 
gung im Gefaftsystem, wobei das intraluminal Im- 
plantat (55) mittels eines Katheters (51) intraluminal 

40 im Gefafcsystem angebracht wird, wobei das intra- 
luminal Implantat umfasst: 

einen rohrenformigen Hauptk6rper(170) mitei- 
nem Hauptende und gestaltet, urn nahe einer 
45 Verzweigung in einem Gefafcsystem eines Pa- 

tienten angeordnetzu sein, wobei die Verzwei- 
gung ein erstes Gefaft und ein zweites Gefali 
' bildet; 

ein erstes rohrenformiges Element (171) mit ei- 
50 nem Nebenende und verbunden mit und in 

Fluidverbindung mit dem rohrenformigen 
Hauptkbrper (170) stehend, wobei das erste 
rdhrenformige Element (171) gestaltet ist, urn 
sich in das erste Gefali zu erstrecken; 
55 ein zweites rohrenformiges Element (172) mit 

einem Nebenende und verbunden mit und in 
Fluidverbindung mit dem rohrenformigen 
Hauptkorper (170) stehend, wobei das zweite 
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rohrenfdrmige Element (172) gestaltet ist, urn 
sich distal In das zweite Gefali zu erstrecken; 
ein an dem Hauptende des rohrenformigen 
Hauptkorpers befestigtes erstes Befestigungs- 
system (175); 

ein an dem Nebenende des ersten rohrenfor- 
migen Elements (171) befestigtes zweites Be- 
festigungssystem (176); und 
ein an dem Nebenende des zweiten rohrenfor- 
migen Elements (172) befestigtes drittes Befe- 
stigungssystem (176), 

dadurch gekennzeichnet, dass ein viertes Befe- 
stigungssystem medial zu den Enden des ersten 
und/oder des zweiten rohrenformigen Elements 
platziert ist. 

2. Intraluminales Implantat (55) nach Anspruch 1 , wo- 
bei das erste Befestigungssystem (175), das zweite 
Befestigungssystem (176) und das dritte Befesti- 
gungssystem (1 76) jeweils eine Vielzahl von Stutz- 
elementen (177) und eine Vielzahl von Wandein- 
griffselementen (193) umfassen, wobei jedes Stut- 
zelement zwei zum Bilden einer Spitze (178, 179) 
verbundene Schenkel (181, 182) aufweist, wobei 
jeder Schenkel zum Bilden einer kreisformige An- 
ordnung von Stutzelementen urn eine zentrale Ach- 
se mit den Schenkeln benachbarter Stutzelemente 
verbunden ist, und betreibbar zwischen einer er- 
sten, zusammen gezogenen Stellung und einer 
zweiten, expandierten Stellung. 

3. Intraluminales Implantat (55) nach Anspruch 2, wo- 
bei die Stutzelemente der Befestigungssysteme 
daruber hinaus eine erste schraubenformige Feder 
(180) und eine zweite schraubenformige Feder 
(180) umfassen. 

4. Intraluminales Implantat nach Anspruch 2 oder An- 
spruch 3, wobei die Stutzelemente der Befesti- 
gungssysteme aus einem nicht runden Draht gebil- 
det sind. 

5. Intraluminales Implantat nach einem der vorherge- 
henden Anspruche, und das daruber hinaus Mittel 
zum Verringern des Blutausstromens nahe dem 
Hauptende des rohrenformigen Hauptkorpers auf- 
weist. 

6. Intraluminales Implantat nach Anspruch 5, wobei 
das Mittel zum Verringern des Blutausstromens 
(199) nahe dem Hauptende des rohrenformigen 
Hauptkorpers (170) aus einem Segment einer bio- 
kompatiblen Faser gebildet ist. 

7. Intraluminales Implantat nach einem der vorherge- 
henden Anspruche, und das daruber hinaus in dem 
ersten rohrenformigen Element (171) und in dem 



zweiten rohrenformigen Element (172) Mittel zum 
Widerstand gegen Knicken umfasst. 

8. Intraluminales Implantat nach Anspruch 7, wobei 
5 das Mittel zum Widerstand gegen Knicken eine 
Vielzahl von an dem ersten rohrenformigen Ele- 
ment (171) und an dem zweiten rohrenformigen 
Element (172) gebildeten Ausbuchtungen umfasst. 

io 9. Intraluminales Implantat (55) nach einem der vor- 
hergehenden Anspruche, wobei das erste, das 
zweite und das dritte Befestigungsmittel jeweils in 
Form eines selbstexpandierenden Befestigungssy- 
stems mit nach au&en angeordneten Wandeingriff- 
15 selementen (193) gebildet sind. 

10. Intraluminales Implantat (55) nach einem der vor- 
hergehenden Anspruche, wobei der rohrenformige 
Hauptkorper (170) eine Vielzahl von in Abstand in 

20 Langsrichtung entlang dem rohrenformigen Haupt- 
korper angeordneten rontgenstrahlenundurchlassi- 
gen Markern (197) umfasst, so dass das Verdrehen 
des rohrenformigen Hauptkorpers (170) durch 
Sichtbarmachen der rontgenstrahlenundurchlassi- 

25 gen Marker mittels Fluoroskopie entdeckt werden 
kann. 

11. Intraluminales Implantat (55) nach einem der vor- 
hergehenden Anspruche, und das daruber hinaus 

30 eine Vielzahl von in Abstand in Langsrichtung an- 
geordneten rontgenstrahlenundurchlassigen 
Markern (197, 198) umfasst, die jeweils von dem 
ersten und dem zweiten rohrenformigen Element 
(172, 173) getragen sind, wobei das Verdrehen des 
35 ersten und des zweiten rohrenformigen Elements 
(1 72, 1 73) durch Sichtbarmachen der rontgenstrah- 
lenundurchlassigen Marker mittels Fluoroskopie 
entdeckt werden kann. 



Revendications 

1. Greffon intraluminal (55) pour implantation perma- 
nente dans le systeme vasculaire d'un patient pour 
45 reparer les vaisseaux a proximite d'une bifurcation 
du systeme vasculaire, le greffon intraluminal (55) 
etant insere intra-luminalementdans les vaisseaux 
en utilisant un catheter (51), le greffon intraluminal 
comprenant : 

50 

un corps tubulaire principal (1 70) ayant une ex- 
tremite sup6rieure et configure pour resider a 
proximite d'une bifurcation du systeme vascu- 
laire d'un patient, la bifurcation formant un pre- 
ss mier vaisseau et un second vaisseau ; 

un premier 6l6ment tubulaire (171) ayant une 
extremite inferieure et etant relie audit corps tu- 
bulaire principal (170), et etant en communica- 
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tion de fluide avec celui-ci, ledit premier ele- 
ment tubulaire (171) etant configure pour 
s'etendre dans le premier vaisseau ; 
un second element tubulaire (172) ayant une 
extremite inferieure et relie audit corps tubulai- 5 
re principal (170), et etant en communication 
de fluide avec celui-ci, ledit second element tu- 
bulaire (172) etant configure pour s'etendre dis- 
talement dans le second vaisseau ; 
un premier systeme de fixation (175) fixe a I'ex- 10 
tremite superieure du dit corps tubulaire 
principal ; 

un second systeme de fixation (176) fixe a I'ex- 
tremite inferieure du dit second element tubu- 
laire (171) ; et 15 
un troisieme systeme de fixation (176) fixe a 
Textremite inferieur du dit second element tu- 
bulaire (172), 



caracterise en ce qu'un quatrieme systeme 20 
de fixation est place entre les extremites des pre- 
mier et/ou second elements tubulaires. 

2. Greffon intraluminal (55) selon la revendication 1, 
dans lequel ledit premier systeme de fixation (175), 25 
ledit second systeme de fixation (176) et ledit troi- 
sieme systeme de fixation (176) incluent chacun 
une plurality d'elements de support ( 1 77) et une plu- 
rality d'elements engageant les parois (177), cha- 
que element de support ayant deux jambes (181, 30 
182) reliees pour former un sommet (178, 179), 
chaque jambe etant reiiee aux jambes des ele- 
ments de support adjacents pour former un arran- 
gement circulate d'elements de support autour 
d'un axe central et actionnable entre une premiere 35 
position ecrasee et une seconde position etendue. 

3. Greffon intraluminal (55) selon la revendication 2, 
dans lequel les elements de support desdits syste- 
mes de fixation incluent en outre un premier ressort 40 
helicoidal (180) et un second ressort helicoidal 
(180). 

4. Greffon intraluminal selon la revendication 2 ou 3, 
dans lequel les elements de support desdits syste- 45 
mes de fixation sont formees d'un fil non rond. 

5. Greffon intraluminal selon Tune quelconque des re- 
vendications precedentes et comprenant en outre 

un moyen pour reduire les fuites de sang pres de so 
I'extremite superieure du corps tubulaire principal. 

6. Greffon intraluminal selon la revendication 5, dans 
lequel ledit moyen pour reduire les fuites de sang 
(199) pres de I'extremite superieure du corps tubu- 55 
laire principal (1 70) est forme d'un segment de fibre 
biocompatible. 



7. Greffon intraluminal selon Tune quelconque des re- 
vendications precedentes et comprenant en outre 
un moyen pour prevenir la formation de coudes 
dans le premier element tubulaire (171) et dans le 
second element tubulaire (1 72). 

8. Greffon intraluminal selon la revendication 7, dans 
lequel ledit moyen pour resister a la formation de 
coudes comprend une plurality de cannelures con- 
figurees dans le premier element tubulaire (171) et 
dans le second element tubulaire (172). 

9. Greffon intraluminal (55) selon I'une quelconque 
des revendications precedentes, dans lequel les- 
dits premier, second et troisieme moyens de fixation 
sont chacun sous la forme d'un systeme d'attache- 
ment auto-extensible ayant des elements enga- 
geant les parois (193) disposes vers I'exterieur. 

10. Greffon intraluminal (55) selon I'une quelconque 
des revendications precedentes, dans lequel ledit 
corps tubulaire principal (1 70) inclut une pluralite de 
marqueurs radio-opaques (197) espaces longitudi- 
nalement le long du dit corps tubulaire principal, de 
sorte qu'une torsion du corps tubulaire principal 
(170) puisse etre detectee en visionnant les mar- 
queurs radio-opaques par fluoroscopic. 

11. Greffon intraluminal (55) selon Tune quelconque 
des revendications precedentes et comprenant en 
outre une pluralite de marqueurs radio-opaques es- 
paces longitudinalement(197, 198) portes par cha- 
cun desdits premier et second elements tubulaires 
(1 72, 1 73), dans lequel la torsion desdits premier et 
second elements tubulaires (1 72, 173) peut etre de- 
tectee en visionnant les marqueurs radio-opaques 
par fluoroscopic 
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